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TjTijta ta to «rttfg that we, the Paige-Detroit Motor Car 
'Si/ Company of Detroit, Mich., ' warrant each new motor 
vehicle manufactured "by us, whether passenger car or 
commercial vehicle, to be free from defects in material and work- 
manship under normal use and service, our obligation under this 
warranty being limited to making good at our factory any part 
or parts thereof which shall, within ninety days after delivery 
of such vehicle to the original purchaser, be returned to us with 
transportation charges prepaid, and which our examination shall 
disclose to our satisfaction to have been thus defective; this war- 
ranty being expressly in lieu of all other warranties expressed 
or implied, and of all other obligations or liabilities on our part, 
and we neither assume nor authorize any other person to assume 
for us any other liability in connection with the sale of our 
vehicles. 

/jTlfta marrantg shall not apply to any vehicle which shall have 
^ been repaired or altered outside of our factory in any way 
so as, in our judgment, to affect its stability or reliability, nor 
which has been subject to misuse, negligence or accident, nor to 
any commercial vehicle made by us which shall have been oper- 
ated at a speed exceeding the factory rated speed, or loaded 
beyond the factory rated load capacity. 

3j||t* tnnkt no Uarrantg whatever in respect to tires, rims, 
*** ignition apparatus, horns or other signalling devices, start- 
ing devices, generators, batteries, speedometers, or other trade 
accessories, inasmuch as they are usually warranted separately 
by their respective manufacturers. 

PAIGE-DETROIT MOTOR CAR CO. 
Detroit, Mich. 
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HE purpose of this book is to assist the owners or operators of Paige Cars in obtaining 
the best service from their cars and* to add to the pleasure of motoring by familiarizing 
them with the methods by which difficulty may be avoided. 



.To obtain results it must always be borne in mind that a motor car is a piece of the very 
finest machinery and that it will render service in proportion to the attention it receives. 

Remember that washing "the body does not clean the motor; tightening the nuts and bolts 
that are easily reached does not make those under the car any tighter; oil placed in the motor 
does not mean that you can neglect the clutch, transmission or rear axle. 

We recommend certain things because we have found from experience that they will bring 
forth the best results. Do not make changes or improvements without consulting us, as 
there may be strong objections to these changes of which you may not be aware. Remember 
that we maintain Engineering and Experimental Departments and are in a better position to 
know what is proper to use or.hot.te^^jn : j^>nnectiQn with our cars than the average mechanic, 
who is apt to try to induce ah owner to change some part of the design or install some new device. 

' We have not taken up the matter of repairs to any great extent in this book. We try to 
build our cars so that repairs will not be frequent; but should they become necessary through 
accident, neglect, abuse or other cause, we would advise obtaining the services of the best mechanic 
in your vicinity. Should he need advice, we would be pleased to have him communicate with us. 

For information concerning adjustment of claims, shipment of parts or repairs, 
address the Service Department, Paige-Detroit Motor Car Company, Fort and 
Twelfth Sts>, Detroit, Mich. Such correspondence will receive our best attention. 
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Operation 

Preparation f 

oil should be used during both summer a n^fS Z A P° d ' ? rade of medium cylinder 

tant that all oil be Sd bei^uZa^^Tf ^ to 1 ob u tain .^st results. It is impor- 

° re USmg ' A P'ece^of cheese cloth will answer for this purpose 

gear or^e^eShlf ^^ U^£^± ^ ^ ^ ^ «"«* the sma11 ^ 
and unscrewing the hex-headed hi™! T?, 3n b f entered b Y removing the floor board 

removing the pipe pluglJ .the ?^d?<rf^S2&1^^- \ h # Vel can be verifie d by 
hole and the pfug sfiJd be rep^e^rb^Sl s oSS" "** ^ ^ eStablished by th * 

oil leJ?^!^^*^*^^^^ ---^shodld be removed and the correct 
poured s^y into thJdS^^ 

radial ^^^t^^Vf^^k^ t ^^ at ^ ° f ^ 

P^h^t^^ that the pipe 

clean T ra e in S w a?e g r to"? 1 ^^SS^k^^S^ S ^ **£ diStilled — ° r 
for some time, it may be found necessarv tlfSS 1 Sho " ld <-he. battery have remained idle 

is used. For further iionSSSSj^a&^1? >Ved ^ ^^ ^ the Starter 



To Start Motor ,-■ ^y 



i nse^ g Sri^ 1 Xr a ^* a \taS^ t ^^ ^oTlT 5T 4 
about one-ffiS and 1 K "advSfe *e sLrk &T ^ ''t° ttle C ° nt r ?' ha 1 d lever J °™™3 

attention is called to the factTha? other rhfnafh^ ' ^ UmS ° f the Starter and Ae^operator's 
battery by the starter 1 han , can £S»Sf u S £qUa1 ' m ° re CUrrent Can be drawn from the 
of operating time ' r6plaCed by the g enera tor in over ten times the same length 

^crcase^^^^ 
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Figure No. 2 



FRONT COMPARTMENT 



A. THROTTLE CONTROL HAND LEVER 

B. SPARK CONTROL HAND LEVER 

C. OIL PRESSURE GAUGE 

D. AMMETER 

E. IGNITION AND LIGHTING SWITCH 

F. CARBURETOR DASH CONTROL BUTTON 
(.:. SPEEDOMETER 



H. GEAR SHIFT HAND LEVER 

I. CLUTCH PEDAL 

J. SERVICE BRAKE PEDAL 

K. EMERGENCY BRAKE HAND LEVER 

L. ACCELERATOR PEDAL 

M. STARTER BUTTON 

N. GEAR SHIFT LOCK 
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S^m^SSg^^ 011 " 6 int ° ^ h ° kf0r ^e Purpose of washing away^y sediment 

SI™Xf the , m ° tor has ^een started, the ^arguretor 'dash adjustment sho&be mshed 
onTtsTton ndSwt 1 *!? T^ is , r ™g evenl y- Ordinarily the: button should beVown 
2" '?, St ° P t nd , S i 1 u Uld , be PU1 ec ? out on 'y when starting. After the motor has started the spark 
hand lever should .be advanced about one-third its travel distance oh the sector. 



To Drive Car 
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to i rl rt : n f he C3r £ motl ° n ' ad J' ust the motor to a- suitable speed but do not allow it 
without vS" r^ bC r u min ! St , a S P eed sufficient to overcome the inertia of the car 
reached w h efe if M? ^ , ° k *? is , en S a g ed - The proper ihotor speed should be ' 
reSdedloftiAn ^^^ control hand lever has. been advanced about one. inch from the fully 
retarded position It would be advisable not.to^use the- accelerator pedal untitthe operator has 
become familiar with the operation of the car by means of the throttle hand lever 

DIAGRAM- OF THE GEAR SHIFT TEVER POSITIONS 




Third Speed 



Rever; 



. First Speed 

S^Ki^^f that , the emer S enc y brake hand lever has been released, the clutch maybe-disen- 
gaged by pressmg downward on the clutch pedal with the left foot, and while holdinlthe ^clutch 
disengaged the gear shift lever should be moved from neutral to the first speed position as shown 
in Figure No. 3, where it will be noted that the movement should be to the left and^SrS- ° 

'the Sir wiffef ar f meSh | d f r^ r$t Speed ' g radualI y Please the pressures the'clutch pedaled 

.the car will move forward. If operating a car for the first, time, it is advisable to drive slowlv 

•«:first.speed for somedistance before the change to second speed is made. >> t " ' Y 

Second Speed 

the Sh a lTJ°,u han i e !? t0 S£COn ^ Speed ' the throttle hand lever should be advanced slightly 
the clutch should then be disengaged as previously explained, and the gear shift lever moven 
forward to neutral position, then tipped to the right and again forward info second peld ThS 
movement should be practised -until the operator can make the change without ,4t a i?h 
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sufficient speed to prevent loss of momentum. When the shift into second speed has- been made 
thf pressure on X clutch pedal may be released and the car driven at that speed until the 
student is confident that the operation can be repeated properly. '' 

Third Speed 

When the operator is prepared to change into third speed the throttle hand lever should be 
further SdvJnceduntS the car' is travelling at a fair rate of speed. The clutch should then be 
?Sfi'aSh gear shift lever moved directly to the rear, as illustrated, after ^whrch 
the clutch should be re-engaged and the operator's foot allowed to rest hghtly upon the peda 
£ Son for an emerge^y stop. ' The right foot' should rest upon the service brake peda 
r^S or ?nstant use At this speed the spark lever may be advanced about one-half its travel 
rSSicSon the sector and allowed to remain irt that position excepting when- the car is 
a cending a grade or under heavy load in which case it should be retarded. The spark lever 
should always be advanced as fully as possible without causing a spark knock. 

«.*■%? * ■ f,?*%'"';>* .' 
Accelerator ^ w *' 

When the operator has become adept in operating the car with the throttle hand lever, 
the accelerator pedal may be used-to be found at the right of the service brake pedal. When 
the accelerator fs used the throttle hand lever may be fully retarded in order that the motor will 
slow down when pressure on the accelerator is released. 

Ooerating a car by means of an accelerator has proven to be very convenient, especially 
while driving g through heavy traffic, as it permits the right hand to remain free for operation of 
the gear shift and emergency brake hand levers. 

To Stop Car ^ * « 

If it is desired to stop, slow down the motpr, disengage the clutch and apply the service 

brake genllyunS the car is brought to a stop; tfe. before releasing pressure on the clutch pedal 

brm?th?gear shift lever to its neutralposition .failure to.do this will cause the car to lunge 

Srward and an decide** might result? Before leaving apply- the' emergency brake to prevent 

•movement of the car in case it has been sTdppecren an incline. "'""" -f ,- 

To Reverse Car ■tl^Ifc^-"^ ®^ - <U-V T "- ' • " \ 

Before an attempt is:made:to reverse tj&affi I should be brought to a complete stop. The 
clutcS^houWthen b disengaged and the gear shift ley.er moved into neutral position, a ter which 
?cSbe°iPpe3 to the left tnlmoved forward. The clutch may then be engaged gently and, the 
motor slightly accelerated, ?- -». : ;;; 

Emergency Stop || - , t 

To make an emergency 'stop, release the clutch and apply the service brake instantly, at the 
same ^exert^he full force of the right arm on the emergency brake hand lever. This should 
onW be neSsaTy in cases of emergency, and the operator should refrain from such practice 
unnecessaXasI places an enormous strain on the tires, brakes, and other working parts of the 
car Beware of Attempting a Sudden Stop on Wet Pavements. 

Changing to Lower Speed 

In making a change from high to a lower speed while the car is in motion, the clutch must 

be d seSSed and the motor accelerated; otherwise, the car will be running faster than the 

Sotnr and even though the operator was successfull in making the change it might cause serious 

* S/m the transmission Changes of this Nature Should not be Attempted when 

;S >-$S^lr , ^inS??at^Eigh Speld, and Second Speed Should Never be Omitted, as 

Sefic*" J- a Probable Result. 
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To Stop Motor . . 

When the car has been halted and it is desired to stop the motor, simply turn the ignition 
switch key into the off position. • 

Caution 

-Because of its exceptional power and flexibility there may be a tendency to operate the 
motor at a speed which is prohibitive until such time as the closely fitted bearing surfaces and 
other, working parts, nave been allowed to adapt themselves to the conditions under which they 
operate. Anew motor should not be driven at a speed over an equivalent road speed 
ot twenty-five miles per hour for the first thousand miles at least, as there is a danger 
ot. the pistons and bearings becoming badly damaged by seizure as a result of their expansion 
trom overheating caused by friction. 



Description 



Motor 



For the information of the owner or operator, to whom the construction and operation of a 
gas engine appears more or less complicated, it should be explained that the model 17-20 engine 
is ot the four cycle principle where one explosion occurs in each cylinder to every two revolutions 
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rigure No. 4 



POWER PLANT (Left Side) 
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of the crankshaft, or to each four strokes of a piston. The upward and downward movement of 
:he pistons within the cylinders is controlled by a crank shaft to which they are attached by 
connecting rods and piston pins. The full movement of a piston in either direction is five inches 
and is called a Stroke. These strokes are named in the order in which they occur; namely 
Suction Stroke, Compression Stroke, Firing Stroke and Exhaust Stroke. 

There are two yalves in conjunction with each cylinder. One is called the Intake Valve 
and the other the Exhaust Valve. These valves are for the. purpose of opening and closing passages 
between the intake and exhaust manifolds and the cylinder. They are caused to open by the 
action of eccentrics or cams on the cam shaft, the latter being driven by the crankshaft through, 
the medium of gears on the front ends of these shafts and a connecting gear k- »v 'nldiet 
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Gear The relative positions of the pistons, valves and earns, in their function of admitting 
flesh gas to the cylinders and expelling the burned gases, determines what is known as the Valve 
Timing" of a motor. • : 

Suction Stroke 

If the crankshaft is revolved until the first explosion occurs, the action which takes place 
is as o^ws Upon the suction stroke of the piston, the intake valve is mechanically opened, 
and as the pistonmoves downward, gas is caused to rush from the carburetor by a partial vacuum 
created 1 by the increasing space between the top of the piston and the head of the cylinder, Ihe 
exhaust valve is closed at this time. 

Compression Stroke 

At the end of the suction stroke, the piston starts upward. Both valves are closed at this 
time and the gas is compressed into a small space, making it highly explosive. When the end of 
thTs stroke is reached, and just as the piston starts downward again the compressed gas is ignited 
by means of an electric spark, which takes place between the points (electrodes) of a spark plug 
screwed into the cylinder head. • , - _ 

Firing Stroke :, „ -^ Y ^ 

The ignition of 'the gas causes- an expansion or explosion, which drives- the piston rapidly 
downward at the same^time. imparting movement to the other pistons which are attached to the 
same crankshaft. Both valves remain closed^a^bis stroke. 

Exhaust Stroke • • \ V 

The next stroke is upward, at whifctfttme^exhaust -valve k ; caused to open and the burned 
gas is expelled by the piston through the exhaust manifold and muffler into the open air. . - - 

• Firing Order \ * , * ~ x, \ 

~<H**& Strokes follow' eaC'oth^jn the^nltnjier* shown, as long as the motor is in motion. 
Exactly the sarii^eria?«-- afcfens areocc4%M fti all six cylinders but- they are so. timed that 
an exDlosion occurs in only one. cylinder at jfcfi* ir\.. the firing order of b- \ i, o, .,4 
No TcyUncler being at front, of 'block. There, being six cylinders, three explosions occur on 
each revolution of the crankshaft, and theyaffspaced exactfy one-third of a. revolution, or 120 
degrees apart A ffly wheel' attached to a Wei at rear end pf the crankshaft is for the purpose 
of giving momentum to the shaft and to smooth over the lapses between explosions. 

Cylinders 

The cylinders of this motor are of special grade iron cast en bloc and are arranged to give a ■ 
maximum of water jacketing and an unusual amount of cooling space around the valves and valve 
seats A detachable head adds to accessibility, permitting the removal of carbon without the 
necessity of removing the entire cylinder casting and simplifying the work of valve grinding. 
The gas intake manifold is of the conventional Hot Spot design, and supplies sufficient heat, 
derived from the exhaust manifold, to assist in the proper vaporization of low grade gasoline now 
in use. The exhaust manifold is cast integral with the intake. manifold and is provided with a 
gland and asbestos packing ring for exhaust pipe connection. 

Crankcase 

'*%he- crankcase is of aluminum metal and its rear end is drilled and tapped for the attachment 
of a .housing, which incloses the flywheel and clutch. Two arms, cast integral with this housing 
orovide th<f means of the motor rear support. The front end of the crankcase is flanged and 
^ V: ■ attachment of a cast iron cover which incloses the timing gears^and provides- a 
trX-.- t for-itor front support. The housing for the starting crank shaft is fastened to this 

■-"' ■■■"■■■ ■■ ■' ' •'■'■' ■■■■-■ '■ -.--■■ 
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runnion thereby permitting its removal independently of the gear cover A breather for the 
.elease of gas in the crank case is provided at the rear of the cylinder bock It conSts of a re 
enforced leather flap hinged at the side where its dust proof cove/is attached 

Crankshaft 

are sunno^S^ j\ mou f ed "3 four bearings of bronze backed babbit lined construction which 
ZJ PP n u he heavib ; nbbed and re -enforced crank case. These bearings are rh halves 

each upper part being attached to one of the four webs in the crank case S the lower Dan 
hrougfeS^S Z 171 'V^ md u h ^m gS being secured to the webbmg' bv fou sfud 
TL Ttiw T nter beann g s b > r two studs through each Plain washers are used 

£rinrh1l^ftnave r time CU a n e d IV^Z ^ La ™ec? shims are instaTS^tween" he 

ueai ing naives to sa\e time and labor and to increase accuracv in adjusting the hearing fnr 
wear. The material used is Laminum, which is made of many layers of fflfeaS hdd tXhe? 
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Figure No. 5 



SECTIONAL VIEW OF MOTOR (Right Side) 



by a metallic binder like solder and compressed into a solid shim. The layers can be pulled off 

are ftvmiiKK,?^ "t ^^ ^"f & glaSSy SUrfaCe ' The -ankshaffb arings 
<±j e easily accessible when the oil pan has been removed. 

sandthTof 'an'inch f °Anv T °r ?w ^ ^ th ? crankshaft to allow for expansion, ,s Eve thou- 
sandths ot an inch. Any thrust which may develop over that amount can be reduced bv remov 
>ng one or more stee shims between a shoulder and the gear on front end of the shaft These 
shims are four and eight thousandths of an inch in thickness 



■ 



Connecting Rods 

The connecting rods are also provided with bronze shell babbit lined bearings' which arP 
£E?hS t0 V e "T 3 °£ £ h^^ an u ksh fft by heavy caps. The caps are secured RffiS 
belts through each and ocked by castle nuts and cotter keys Laminated sh^mJlreStafled 
between halves to provide for their adjustment. These bearings, as well as th ™S 'bear 
mgs, are prevented from turning by two brass screws in each half. The u PP lr end % K? 
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the inside of the piston to prevent turning. 

Pistons 

F*rh niston is equipped with three compression rings of the diagonal cut type, and these 
• m »< w 1 as the Pistons are carefully fitted to provide a proper clearance for expansion. 

SsnFa SSr MS *£&£ ssss «« 

groove for the return of oil to the reservoir. 

Camshaft 

The camshaft upon which twelve cams or eccentrics are forged (for the durpose of raising 

gear, which in turn is driven by the gear on crank shaft. 




Figure No. 6 



POWER PLANT (Right Sic 



The idler sear is made of 'special material to insure quietness. The camshaft bushings are 

nrevented from turning bv brass dowels entered from the top face of the crankcase^ End play 

Lie cam haft and dL gear shaft is provided for by thrust buttons pressed mto holes in their 

rontendT Ad justing screws are entered through the timing gear case cover and hardened steel 

plunges backTby coil springs are retained on the inner ends of the adjusting screws. 

The adjusting screws in the timing gear case cover are properly regulated to provide for 
the thrust Tthf camshaft and idler gear shaft, and should not be disturbed unless a knock has 
the thrust or me c^sn^i s d , T regulate these screws, the lock nuts must be 

SaSlnd th/Srews^tightS^TalnS Ihe encW the shaft. When a tension is felt, the 
screws should be backed off one-half turn and the lock nuts retightened. 

Valves Und Tappets 

The valvls are inclosed at the right side of the cylinder block and are lifted by tappets of .the 
mushroor , S^ which are in turn lifted bv the eccentrics on the camshaft. Helical spnngs 
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for the purpose of closing the valves are held partially compressed between shoulders near the 

• aTeTelT £°hnrf ^ ^ ^ retainera &t the loWe " ends of the valve stems - These 3§g 
are held by horse shoe washers in grooves around the stems, and the washers are in turn locked in 
position by the retainers. Hexagon headed screws with their lock nuts are threaded into the 
upper ends of the tappets and are adjusted to allow a proper clearance between their heads and 
loss of compSssfon C St6mS ' " ^ ^ ^ ValV£S may d ° Se completely and_prevent 

Bearing Adjustment 

tl? T° t0r knock , is alwa ys a herald of trouble, and among those conditions which might cause 
SaX; ^ loose Cr \ nk Sh A and COnnect j n S "xfbfeJings. Only experience can make one 
Proficient in ocating a knock, and the noise produced by a loose bearing is especially difficult to 

Lowever a ac anth^T"^ a ^ h V°T d T^ aCCOrdin g to differerJes in conditions usual y 
however, a crankshaft bearing knock takes the form of a dull pounding or thump while a con- 
necting rod bearing or piston pin bushing knock is more sharp and higher in pitch. 

Where a knock has developed in the crankshaft or connecting rod bearings, it will usually 
be found necessary to remove the oil pan and reduce the thickness of the shims between the 
upper and lower halves to compensate for wear. These shims, as before stated, are of laminated 
section and so constructed that one 
or more laminations can be separated 
from the shims to reduce their thick- 
ness. When the bearings have be- 
come worn beyond the possible limits 
of adjustment, and in cases where 
they haveseized from lack of sufficient 
lubrication, or are otherwise damaged, 
it will be necessary - to effect their 
replacement. This is also true where 
sufficient wear has- occurred on the 
piston pins or their bushings to cause 
a knbck, as no means of adjustment 
is provided at those points. In any 
event, while any of the above men- 
tioned operations may be simple for 
the experienced mechanic, they are 
extremely . difficult for the novice, 
-— - andit_is recommended tha£jthexaT 
be pTaceoTTfrThe-hands* of an, expert 
in a properly equipped repair shop. 
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Figure No. 7~ 



FRONT END OF MOTOR 
(Shpw-ingTiming Gears an5 OUPresiiure Regulator)" »' ;' • '"■ 

Valve Timing if 

ma nSH eP r& in ^ th M C f e ° f a ma J° r ^Pairing operation, when the motor is completely dis- 
crS rU Z/° Uld uV° ° CC u aSld " for dktyrbing the relative position of the gears on the 
fnH L PumP shafts or the idler gear, by which the opening and closing of the valves 

S^S^"?e^ ^ ? 6 P r° PCr time 1S strolled .However, should'circumstSces 
necessitate their removal, it is a simple matter to re-establish their prooer relation by eivina 

Sn n A? e markS P u nch£d , U ^° n , th€ face of the S ears > as sho ^ ^ FiSCn. No 9 The 
E°" of the gears on the crankshaft and camshaft are, of course, very important, and to 
SmTf? f p0SS ' blllt y ° f mistake, one of the three holes in the gear and in the end of the 
camshaft for the capscrews, is drilled slightly out of line with the others. Therefore the 

gSrs ifco n1ye n d\ P TXy° w ay he Shaft ' ^ ***?» ° f ** "^ ** ™ H 

onera F Hnn th nf i ^ f °T ati °^ 0f th ° Se co , ncerned in the timing of the valves beyond the mechanical 
S°nn^ TSr 8 ? 6 g6arS at , the Pr °? er , point < ifc is shown in Fi S ure No. 9 that the intake 
Swl frW^ .f - J mnk tr ^el after tQ P dead center, the equivalent of A" pisf 
trZtl Jf?l S2 U~^ a l5 j* diamete , r of the flywheel and that it closes forty degrees craV- 
Salter of t£ fl° m h f d ^ enter u thC e T 1Valent ° f W P iston travel or **#>" the m 
dead rpntPr tl }^^\- The , ^^ ValveS °P en fort y de g r ? es crsnk travel-before bottom 
dead center, the equivalent of W piston travel or 5W on the 1 5 if" diameter of the fly wh^ I. ^ 
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and close eight degrees crank travel after top dead center, the equivalent of tc" piston travel 
or 1 <ri" on the fifteen inch diameter of the flywheel. 

The rim of the flywheel is marked with a line and the letters "DC" at one point in its 

'diameter and at a point 12 degrees distant with a. similar line and the symbols "No. 1-EC. 

When the line "DC" is'opposife the pointer at the opening in the flywheel housing, number one 

and number six pistons are at the top dead center position. One of them will be at the top of its 

intake stroke however, and about to start its firing stroke, while the other will be at the top of 

its exhaust stroke and about to start its suction 
stroke. When the line "No. 1-EC" is opposite the 
pointer, the exhaust valve for the cylinder about to 
start its suction stoke, has just closed. 
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Valve Adjustment 

In order that the valves may close entirely to 
prevent ,oss of compression, it is necessary that there 
be a clearance between the bottom of the valve stems 
and the tappets of not less than four thousandths 
(.004) of an inch when the motor is warm. This' 
.distance can be regulated by means of the adjusting 
screws in the upper ends of the tappets. If the motor 
is cold at the time of adjustment, the clearance should 
be not less than. five thousandths (.005) of an inch. 
After the motor has become warm, this setting will 
give a proper running clearance. 

In order that the novice may know that the 
tappets being adjusted are resting upon the lowest 
side of the eccentric on camshaft, the top of the 
ignition distributor should be removed and the motor 
cranked until the distributor block is in position to 
make contact with the high tension cable leading to 
No. b cylinder, as shown in Figure No. 14. 

The spark control hand lever at the steering 
wheel should be in the fully retarded position and the 
interi upter contact points in the act of opening. At 
that position-both valves in No. 6 cylinder are^ 
closed. The valves oTtfe 2-£yliadex_wouki-be--neXt 
in line for adjustment by causing the distributor block 
to pass to the next segment in the distributor. The 
valves for cylinders Nos. 4, 1, 5 and 3 would follow 
in the order in which they are given, the clearance 
being measured with a shim known to have a thick- 
ness of exactly five thousandths (.005) of an inch. 



Grinding Valves 



Figure Nr> 3 



TIMING MARKS ON FLYWHEEL 



Although the bevelled valves are carefully fitted 

and ground to a perfect seat when the motor is 

assembled, to prevent the escape of gas during the 

the period of its compression and expansion after 

ienition it will be found after sometime that particles of carbon have become lodged between 

the valves and their seats and that an accumulation of such particles together with the natural 

deposit.iias badly pitted the seating surfaces and is preventing the valves from closing properly. 

When valves are reground after the head of the cylinder block and other interfering parts 

beefl removed a covering should be placed over the cylinders to exclude dirt and other 

r Instances which might accidentally fall into them. The cover plates on the right side 

cylinder block must also be removed, and the valve springs compressed to release the 

d lacking washers. With the springs removed, the motor should be cranked to 

.k f Tbout to be ground. It should then be removed and a good valve grinding 

■ ■ _ 
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naste fine emery and oil, or powdered glass and oil applied to its beveled edge and seat after 
which it should I be replaced and rotated back and forth by means of a screw driver or hand brace. 
The valve should be removed occasionally and examined during the process of grinding 
until it is seen that its edge and seat are bright and smooth with all pits and rings erased. All 
TO of the grinding paste should be removed and the valve springs replaced when all valves 
have been similarly acted upon. , 

Carbon Accumulation 

When a motor has been in operation for a long period of time without having been cleaned 
wiien d 111U1.U or .^ an excessive amount of oil and 

gasoline has been used, the interior 
of the combustion chambers and 
the tops of the pistons will become 
coated with carbon — the burned 
residue of gasoline and oil. As the 
motor continues to operate, the 
amount of this deposit is increased 
until the proper action of the motor 
is so affected, as a result of over- 
heating and lack of power, that it 
becomes necessary to have the 
carbon removed and the valves 
reground. A clearly recognizable 
metallic ring, known as a "Spark 
Knock" will usually be heard as 
the pistons start their firing stroke, 
especially when the motor is under 
load. That this spark is present,' 
despite the fact that the motor is 
well supplied with water and lu- 
bricating oil, and although the 
spark control hand lever has been 
retarded, is evidence that an excess - 
of carbon is present and that it is 
necessary to have it removed. 

To remove a deposit of carbon 
by scraping, the cylinder head 
must be removed and the motor 
cranked to bring the piston about 
to be scraped to the top center 
position. Great care must be taken 
to prevent particles of the carbon 
fromfalling into adjoining cylinders, 
also, having removed carbon from 
the top of a piston and from the 
valves of that cylinder, small 
particles should be brushed or 
otherwise forced from the space 
around the piston to prevent the 
possibility of damage to the highly 
polished bearing surfaces of the 
pistons and cylinder walls. 

The removal of carbon is pro- 

■lv an operation for an experienced mechanic in a well equipped repair shop, especially in view 

-eTac- that ?he valves must usually be reground at the same time. However, the accumula- 

of carbon can be retarded somewhat by injecting a few tablespoonfuls of kerosene oil into 

9 XsSon'chambers through the priming cups about once a week and allowing it to remain 

. ih afterS-vin^ ^iven the motor several turns by hand with the ignition turned off. It 

^I,#beneficial to inject the kerosene oil while the motor is warm. 




Figure No. 10 



CROSS-SECTION OF MOTOR 

(Showing Oil Passages) ■ 
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Lubrication 
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the pump. From there the oil f C, H I ld t WaU L ° f the crankcas e to the intake side of 
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SECTIONAL VIEW" OF MOTOR 
(Showing System of Lubrication) 






--ectin^L^rS ^t^f™^ 'T the 1 f minated shims of both ^ »& and con- 
fab a in? halves for the WnnS nf "^ ^ f ch end ° f the shims and extend between the 

S TSttE m ^^ ° d fr ° m eScaping from the beann S s at the sh i m 

- F ening. i nis feature assists in maintaining a proper pressure in the oil line. 

- i relief XeattfcSd totf J fTr^ ? t^ by a , pipe plu ^ while the front end °P<^ into * 
"wo small hokf drilled in rl I T Tl- f tH ? crankcase wi thin the timing gear comparing 
"he overflow causeH h™ p Y ° f ^ IS . Valve supply oil for lubrication of the timing • k " 

-ear ton ofThe 31 Ld Y * P I^ Sure , in the line ' which has outIet trough a Hr gi rK^ 

near top of the valve body, is an additional source of timing gear lubricatio-f u- <= \ L 
extends throughthetop of the gear ease where a set screw is P ro5SS ve ^ 1 \ 
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nf the oil oressure This regulator will have been set to give a proper pressure, and that setting 

L,,W not- he chaneed excepting for extreme differences in climate or changes in the oil from 

the standard mSum grade recommended for summer and winter use. Differences in the 

v^felv of the ol Sng used, changes in the temperature of the motor, the speed at which it is 

befn° operated and the extent to which the bearings have become worn, all have their effect on 

the ml Pressure and it will be found to vary several pounds either way from the basic setting of 

fifteen pounds ai an engine speed of one thousand revolutions per minute when the orl is war™. 

As the oil is forced out around the main and connecting rod bearings, it is whirled into a spray, 

which reaches every corner of the crankcase and provides lubrication for the piston pin bushings 

binder Sis and camshaft bearings as well as the valve mechanism. Pockets have been formed 

S^SSSSS'rf the camshaft bushings, the pump shaft bushing and the bushing 

or idler S shaft oflTs caught therein and ft drained through holes to each of these bushings. 

ShotLSet into the uppe/end of each connecting rod t^inteixept ^g^™^ 

Holes equally spaced are drilled into 
these annular grooves and meet spiral 
oil grooves on the inner surfaces of 
the bushings. These inner grooves 
are a part of two spirals running in 
opposite directions and crossing each 
other. The main and connecting rod 
bearings are also grooved to insure 
distribution of the oil over the whole 
of those bearing surfaces. 

The oil pan is constructed in two 
pieces so that the inner or sub pan 
can be removed and all parts thor- 
oughly cleaned, including the three 
strainers through which the oil must 
pass to enter the reservoir below. 
Other features of this oil pan are that 
it can be removed without breaking 
any oil connections, and that it is so 
arranged as to enable the oil pump 
to continue drawing oil, no matter 
how steep the grade may be on which 
the car is operated. 

The reservoir has a capacity of 
8 quarts, and the .oil level will be 
shown by an indicator attached to the 
side of the oil pan and operated by a 
float which rises and falls with the oil. 




FigureINo.I12 



SECTIONAL VIEW OF WATER AND OIL PUMPS 
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Cooling'System 

TheTheat generated by explosions within the cylinders would in a short time cause serious 
damage to the cylinder walls and pistons were they not cooled by artificial means. This 1S accom- 
nSS wii the model 17-20 motor by the circulation of water around the cylinders, which ab- 
sorb! Sfe heat anoTcarries it to a radiator, where it is diffused by falling through a series of zig-zag 
Passages past Sh cool air is drawn by a fan. The forced circulation system is used, whereby 
the wlteHs carried from a tank at bottom of the radiator through a connecting pipe into a centri- 
fugal pump mounted on the left side of the crankcase. From this pump the water is forced into 
\ de of the cylinders and returns to a tank at top of the radiator through a connecting pl pe 
attached to the cylinder head. 
t* The pump vane which operates within the pump housing and impels the water from the 

■ of intoX water compartment of the cylinder block, is keyed to the horizontal shaft which 
">™to tie generator The front end of this shaft is mounted in two bronze backed bushings 
- w V -h CTmklase .and its gear is engaged with the idler gear in the compartment at front 
a 7 ' 1 i 1; *2l 4se The pump shaft is adjusted for end play in the same manner as the crankshaft, 
* ■ by V^f-Sms between a shoulder on the shaft and the gear on its front end. These shims 
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are two and eight thousandths of an inch in thickness and may be removed or added to allow 
about four thousandths of an inch end play for expansion. The rear end of the shaft is supported 
within the pump body by a bronze bushing, and bronze packing nuts have been provided at each 
end of the body to prevent leakage of water around the shaft. The front packing nut has a right 
hand thread while the rear nut has a left hand thread to prevent loosening by friction of the shaft. 

Thermostatic Control 

Thermostatic regulation of water temperature provides for quick starting and efficient engine 
operation When water in the motor is cold the main valve is closed, -thereby preventing cir- 
culation through the motor block. This permits the temperature of the motor to rise to the 
point, of maximum efficiency within a few moments in the coldest weather. The pump pressure 
is relieved by by-passing the water from the delivery end of the pump through a by-pass valve 
in the thermostat thence into the radiator. Complete circulation of water through the radiator 
is thus maintained at all times. When water in the motor block reaches a temperature of 170 
degrees, its action upon a diaphram in the thermostat causes the latter to expand and gradually 
open the mam valve. This action also closest valve of the by-pass connection. The diaphram 
is sensitive to any variation of water temperature and will open or close the main valve as re- 
quired . 1 n this manner a constant even motor temperature is maintained . 

The small valve on the thermostat is simply an 
air relief. When filling the cooling system this must 
be opened to prevent possibility of the water becom-> 
ing air bound in the cylinder block. 

Ordinarily the thermostat will continue to function 
during the life of the motor with no attention.- There is 
no chance that it will in any way impair the cooling effi- 
ciency of the motor. Its design is such that the main valve 
will immediately open and permit normal water circulation, 
should the diaphram ever become punctured. In case of 
failure, return the instrument to the Beneke & Krppf 
Mfg. Co., 21st and Rockwell Sts., Chicago, 111., or' to 
their nearest branch or service station, for replacement. 

The complete cooling system has a capacity of six 
gallons, and can be drained by opening the pet cocks 
beneath the radiator and water pump. 




Figure No. 1 3 



jRAYFIELD THERMOSTAT 

, ■ (Interior View) 



Fan Adjustment 

Overheating is oftentimes due to a slipping fan belt, and it is recommended that this be among 
the first points investigated. The tension of the belt can be regulated by loosening the cap screw 
in the fan bracket, where it is clamped to a stud at front end of the cylinder block. 

Anti-Freezing Solution 

In extremely cold weather, a water cooled engine must be carefully guarded against freezing 
bhould the water freeze in any part of the system, there is every probability that serious damage 
will be caused to the radiator and motor cylinders by the internal pressures. When the ear is not 
in operation during cold weather, the safest procedure is to drain all water from the coolin^ svstem 
by opening the drain cocks beneath the water pump and the radiator. In any event it is recom- 
mended that an anti-freeze solution be used as it is not an uncommon occurrence for the water to 
freeze while the vehicle is in operation, especially if the lower portion of the radiator is uncovered. 

For a temperature not lower than 5 degrees below zero, the following mixture should be used : 

Denatured Alcohol 15 per cent 

Glycerine. . / 15 per cent 

Water 70 per cent 

For a temperature not lower than 15 degrees below zero, use: *%£? 

Denatured Alcohol ' \j per ce .* - ,; ; £ | 

Glycerine 17 per ^ V -\l .? ~" 

, Water 66 .per - -,it \ VC- -^ 
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' For temperatures below 1 5 degrees, it is recommended that more alcohol be added in proper 
proportions. Alcohol should also be added to any solution periodically to replace that lost by 
evaporization. The glycerine does not evaporate. 

In the event that glycerine cannot be obtained, a. solution of 30 percentum alochol and 70 
percentum water can be used. The boiling point of this solution is lower than the glycerine- 
alcohol solution and new alcohol must be added frequently to replace that lost by evaporization. 
It is advisable to test any solution occasionally by drawing a small quantity and allowing it to 
stand in the cold. If it thickens, new alcohol should be added. 

Should the radiator become frozen, the motor must not be operated until full circulation 
has been started. It is impossible to thaw a frozen radiator by running the motor in a cold 
temperature, whereas by doing so, the current of cold air drawn through by the fan may cause it to 
freeze more solidly. 

IGNITION 
Explanation V : 

Of the various factors that combine to produce the efficiency of internal combustion engines, 
ignition is one of the most' important, and it is believed that every operator should at least under- 
stand the general principles employ edjjr* the construction and operation of that system, in order 
that he may be able, to differentiate J^tween faulty; ignition and the difficulties which are often- 
times similar in effect but due to other causes. 

The function of an ignition system is to produce a single hot spark at the points or electrodes 
of the spark plugs for each power impulse of the motor, accurately timed to occur at exactly the 
right instant to produce the greatest possible power ./tod efficiency. /"'.. " ; , 

Construction and Operation ^-*. ■ ' 

The Atwater-Kent ignition system receives Jits- current from a storage battery and consists 
of a "Unisparker' which combines a contact maker, condenser, distributor and an automatic 
spark control feature. A second unit known as a "Coil" has a resistance unit located in its top 
and is Simply an iron core with primary aridisecondary windings sealed in an insulating tube. 
The purpose of the coil is to transform the 16.^ voltage primary current, supplied to it by the 
contact maker, into high voltage secondary current required to jump the spark plug gap. 

The contact maker consists of a light steel ^contact .arm with composition fibre tip, the end 
of which rests on a hardened steel cam at the upper end of the unisparker shaft, the latter being' 
coupled to the oil pump drive shaft and caused to rotate at one-half engine speed. This cam has 
six sides corresponding to the six/cylinders, and each time the contact points are opened by the 
cam a spark is produced at the proper plug. " . ' 

The condenser is mounted on the contact maker and serves as an electrical shock absorber, 
preventing burning of the contact points. If not tampered with it will last indefinitely. 

The distributor forms the cover of the contact maker. Its central electrode receives the 
high tension current from the coil and passes it to a rotating distributor block, which just clears 
the distributor points at the terminals of the wires to spark plugs without actually touching 
them and distributes the current to the plugs in proper firing order. 

E Automatic Advance 

v»U When an engine is run at high speed, the piston beginning at the bottom of the compression 

gj Afv.kjji reaches the top in a short space of time, and as the vapors are slow burning, it is necessary 

, l c i' ****", them well in advance of the time when the piston reaches the top of its stroke, in order 

j| .. */ full effective pressure may be exerted on the area of the piston head when it has started* 

* ■' next '■• downward stroke. If the spark should be too far advanced, the full effective 

• .. ' : . )tr •* " -tie e* losive. forces would be exerted against the piston before it reached the top of 

v, f t thi cti 'i. n qere wduld be a tendency to force the piston downward, again or to cause it to 
' r } the <sxa V-^J-fgN jrtorne-ntum of the flywheel. The engine, however, would continue to turn over 
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^&^n^^£f£g&^ A \ this advance in *■* ** «*■ 

of the cylinder to the other when the ansularitv of X by the P ist0 " b ^g fo ^ed from one side 
stroke. If the spark is too fa retarded "for the sneer ^fT"^ r °t ChangCS at the t0 P of the 
bustion is exerted so long after the Son lasses iff hSw ="2°^' the maximum effec t of com- 
and not being applied ml ? hai^ y P S?^gSSf ] ^ ^ SOme 0r ** "^ IS W3Sted ' 

the S<5 U rS^ V ^ f t^^|^ tit the tnfUg H aI f 0Vem0r ^ haniSm; l0Cated in 
is automatically advanced or retarded by 32SS ofej-firfS f™ " the breaker ^chanism 
as the motor speed is increased or decreaserl Thl S , f ° rce ? n the S ove ™r weights, 

the steering wheel to produce the highest efLw P ro P er /"angulation of the spark hand lever at 
and the automatic advance feature should^- S™ ^ ^l * n0t aH '^ S fu,1 > ^derstood, 
that lever during changes in s^iffiS oS,^°J™ iS^E^ES^ 
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Figure No. 14 



UNISPARKER AND COIL 



A. DISTRIBUTOR 

B. CAM 

C. DISTRIBUTOR BLOCK 

D. CONDENSER 

R. ADJUSTABLE CONTACT HOLDER 



F. CONTACT POINTS 

G. BODY 

H. ADVANCE LEVER 

J. BRACKET 

K. COIL 
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is so timed that the time of ignition can be advanced by means of the spark hand lever beyond 
the ordinary range of the automatic control. to compensate for high speeds, or retarded for an 
idling speed when the car is standing. 



n. 



Timing of Ignition 

By its connection with the unisparke? body, the spark control hand lever advances or retards 
the time at which the points in the contact maker are caused to open and produce a spark in the 
cvlinders by tending to rotate the body and thereby rotate the contact arm around the six sided 
cam This action is independent of the automatic advance feature which causds the cam to 
advance in the direction of its rotation. However, the limit of retardation, or the point from, 
which the body is advanced, and the position of the cam with reference to the pistons and valves, 
must be established before the distributor shaft is coupled to its drive shaft, in order that the 
spark will occur in any cylinder within a certain limit before and after the piston has reached the 
peak of its compression stroke. .. ? . . 

The unisparker will have been correctly timed before the car leaves the factory, and it is 
advisable not to change that setting unless for some reason it must be removed, in 
which case the work being performed will doubtless be under the supervision of a skilled mechanic 
In anv event the motor must be cranked until the piston in number six cylinder is at top dead 
center" between the compression and firing strokes (as shown by the ine on the flywheel rim 
marked "DC when it is opposite the pointer at the opening in the flywheel housing),. after which 
the flywheel should be further rotated for .a distance of 2" on the 1 5" diameter of the flywheel. It 
will be known that the piston is on its compression stroke by opening the relief cock over number 
six cylinder and holding a finger pressed tightly over the cup. The pressure of the gas can easily 
be noticed, and the opening in the flywheel housing should then be watched for the appearance 
of the line "D€ " It will also be found by watching the opening and closing of the valves that as 
number one. exhaust valve is just closing, number six piston is at the top of its compression stroke. 

Having released the adjustable advance Ipver on the sleeve of the unisparker shaft (see 
Figure No 14) the latter should be inserted intdthe bracket and revolved until its slotted lower 
end is engaged with the coupling ort the uppenend of the driving shaft ; at the same time the fork 
on the adjustable advance lever should be caused to .fall over the stop screw on the bracket. Ine 
unisparker body should next be rotated around the six sided cam until that point is reached 
where the contact points are just about to open;' at that point the adjustable advance lever should 
be pushed toward the left, or "clockwise'' l until, one side of the fork is resting against the 
stop screw In other words, that lever should be placed in the fully retarded position and it 
should then be securely clamped to the sleeve of the unisparker shaft, care having been taken 
not to disturb the setting of the body. The §et screw in the bracket should now be entered into 
the groove around the shaft sleeve, and the-locknut retightened. 

Having completed the foregoing, the distributor block should be placed on the slotted upper 
end of the cam and the wire from the. spark; plug in number six cylinder should be connected 
to the terminal on the distributor whereat the block is pointed when the distributor is in its 
proper position on the body. Knowing that the distributor block rotates to the right or clock- 
wise," the wires from the remaining spark plugs should be connected in the firing order of 1, 5,3, 
6, 2,' 4. In other words, having connected the wire, from number six spark plug to the proper 
terminal on the distributor, the wire from number two cylinder would be connected to the terminal 
adjoining on the right. The wire from number four spark plug would be next in order, then 
number one, etc. The operation is completed by attaching the spark control rod to the adjustable 
advance lever and by connecting the wires from the coil to the distributor. 




^Maintenance 



v "lfy"P 

the w 
3 by," 



■^jsglact points should be examined about once every month to see that they are closing 

" -|t the space between them when they are separated is not less than eight thousandths 

ijninchw more than ten thousandths (.010) of an inch. When the points do not close 

pv ,houf - be removed and dressed with a piece of carborundum, or in its absence with a 

n :u file. When the contact points are removed, care should be taken no£.to disturb 

„ -U' contact, as it is simply necessary to remove the screw which holds-tire contact arm 
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but i^d^^^te^^S.Sfe^ the diffic , ul l y is ? ecessanly due to ^ ition - 

adjusted, cleaned perfec "in eve™ parSar If XT"^ that ** ^ k plugS are P ^% 
each cylinder should be tested ser Jr^t hi h' engine misses without regard to speed, 

rusted t0 SCe thSt the m ° Vmg P arts of the unisparker are not gummed with oil or 

Spark Plugs 

- least resistance may jSmp the gap It the crack Vth/^t : othei 7 lse £ o!1 °T ng the course of 
compressed charge & {he &l^ P t^^ n t £ , ;£^SSc™? Cr ^ thr ° Ugh ^ ^ 

CARBURETOR 

Explanation ■-'"",. \ 

fuel ilSS^^^-^SfMSS^^^riS is -«l*nica lly to o,»d . liquid 

OperjtieiT . V .A* 

JSfff (G) to seat when the Proper level is reached therebv stnnnina £*&■■ £P 
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two sources— (M) supplies all the gasoline required when the motor is idling and at low speed; 
the additional gasoline required for higher speeds is furnished through a tube (N) which is con- 
trolled by a tapered metering pin located under the automatic air valve. 

This carburetor has three air intakes : The constant or fixed opening (J) , and two automat- 
ical^ controlled air valves (K and L). The automatic air valves are inter-connected and op- 
erate together to increase the supply of air proportionately to the additional gas supply caused 
by the increased suction of the motor. A piston attached to the upper automatic air valve operates 
in a cylinder of gasoline. When the carburetor is in operation, the resistance offered this piston 
by the gasoline serves to create a strong suction on both sources when the throttle is opened 
suddenly and by its pump effect forces gasoline through the metering pin tube. 



Dash Control 

The carburetor is equipped with a dash control which raises the low speed adjusting needle, 
supplying a richer mixture for starting the motor when stiff or cold. When pulled all the way out, 
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Figure No. 15 



SECTIONAL VIEW OF CARBURETOR 






it not onlv raises the low speed needle, allowing for a richer mixture of gas, but also operates the 
starting primer. This primer provides an increased charge of gas from the float chamber di- 
rectly into the motor. It is controlled by a plunger valve with two by-pass openings — one in 
the throat of the carburetor above the throttle butterfly; the other in the float chamber beneath 
the gas level. Bv pulling out the dash control full length, which automatically pushes the plunger 
valve down, the by-pass is opened and the motor draws a very rich charge of 'gas -directly- from 
the float chamber. " The throttle must be closed in order to obtain this action effectively. 



TT ?at tr Cprbuctejfcpr 

-fentjfied that heat must be supplied to the carburetor to properly vaporize 
fueS'fllw in use. Warm air is drawn into that instrument through a flexible 
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■s by*> ..- y 



ie, 



' the'. 



. he water is arawn 



"*> 



*# 



DETROIT, MICHIGAN, U. S. A. 



from the cylinder head through a copper tube and has outlet through another tube which passes 
around the front of the motor and is connected to the water pump intake. 

The circulation of water around the carburetor can be stopped if desired by closing the 
valve at top of the inlet tube. The jacket can be drained through the cock at bottom where the 
tube is attached to the carburetor. It is Very Important that all Water is Drained from the 
Carburetor when the Motor is Allowed to Remain Idle During Cold Weather. If this is 
Neglected, the Water will Freeze and the Jacketing will be Cracked by the Internal 
Pressure. 

Adjustment 

This carburetor has no air valve adjustment and only two gasoline adjustments. Both of 
these are turned to the right for a richer mixture, as indicated on the adjustment screw heads. 
The low speed adjustment must be completed before adjusting for high speeds. 

When adjusting for low speeds the throttle should be closed, and with the dash control dow-n, 
the nozzle needle should be closed by turning the low speed adjustment (A) Figure No. 16, to 
the left until the block (D) slightly leaves 
contact with the cam (C). It should then 1 

be turned to the right about three com- B . J ^ 

plete turns. The throttle control hand \ / ] 

lever should now be advanced about one _ 

inch on the sector, the motor started and «■ 

allowed to run untifTft is warm. If the _ W% ^==#£1 ^jH 
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spark hand lever has been advanced ' it «£ - = - 

should now be fully retarded and the if" ' 

throttle should be closed until the motor 

runs slowly without stopping. The final a 

low -speed adjustment may be made by n 

turning the low speed screw to the left 

until the motor slows down. It should :.... : :.. . 

then be turned to the right a notch at a 

time until the motor idles smoothly. If ° = ^ ^Sl- 

the motor does not throttle low enough & •Jf" I ' 

the screw in the stop arm, on the lever end ^m 1 " V ' I "S^y 

of the throttle valve stem, should be turned Si»X /? / 

to the left until the motor runs at the lowest -- > : 5 ■*■ 

number of revolutions desired; , ■ """ , Figure No. 1 6 



EXTERNAL VIEW OF CARBURETOR 
(Illustrating Points of Adjustment) 



To adjust for high speeds the spark 5 
control hand lever should- be advanced 
about one-third its travel distance on the 

sector, and the throttle should be opened rather quickly. Should the motor back-fire, it indicates 
a lean mixture which may be corrected by turning the high speed adjusting screw (B) to the right 
about one notch at a time until the throttle can be opened quickly without causing the motor 
to back-fire. If "loading" (choking) is experienced when running under heavy load with throttle 
wide open, as in climbing a steep grade, it indicates too rich a mixture. This can be overcome 
by turning the high speed screw to the left. 

The dash control when properly used will render easy starting, furnish a richer mixture when 
the motor is cold, and maintain a correct mixture under the most extreme atmospheric changes. 
When carburetor adjustments are once made, they should not be changed, as the dash control will' 
provide for all cold weather conditions. 

Care 

The float chamber and dash pot should be drained occasionally through the drain cock 
(X) to remove water and sediment which may have accumulated. All carburetors are equipped 
with a strainer trap at the bottom of the float chamber. To clean- tbi -■■■-.. *"hc g. ilinefupply 
...should be shut off and the nut (S) removed. The gauze may the^jw. ■:. :% . hly' cleaned. 
I n j.fcpAacing the trap it should be seen that the gaskets are in plac fe ; flrmly 

tightened to in<?tj re a tight joint. The trap can be drained by shut '"><.-;->•.■■ >r' 

and removing the smau P w at bottom. ..- ' -. ^--v ''t ....-■ 
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FUEL SUPPLY SYSTEM 



JLd, 



•\4 



Explanation 



As the gasoline supply tank is mounted at the rear end of the frame on a level below the 
carburetor intake, it is necessary to provide a means of supplying fuel to that instrument other 
than by gravity. This is accomplished by the Stewart Vacuum System which employs a small 
tank attached to the dash under the hood. This tank is connected by brass tubing to the intake 
manifold, also to the gasoline supply tank and to the carburetor. The motor draws its supply of 
gasoline through the carburetor by reason of the pumping action of the pistons. It is this same 

pumping action which draws gasoline from 
the main supply tank into the vacuum tank 
through the connection of the manifold and* 
the vacuum tank, and also the connection of 
vacuum tank with the main supply tank. 



^Operation 

-* The vacuum tank consists of two cham- 

bers, the upper or filling chamber and the 
lower or emptying chamber. Between these 
chambers is a partition in which is placed 
a valve. The suction of the pistons on the 
intake stroke creates a vacuum in the upper 
chamber. This vacuum closes the valve 
between the two chambers and also draws 
or pumps gasoline from the main supply tank 
into this upper chamber. As the gasoline 
flows into the upper chamber it raises a 
float which operates a valve when it has 
reached a certain point, thereby shutting off 
the suction and opening an air valve. 

This admission of outside air releases 
the vacuum suction, thus causing the valve 
leading into the lower chamber to open and 
«r- allowing the gasoline to flow into the lower 
or emptying chamber. The lower chamber 
is always open to the outside air so that 
nothing can prevent the gasoline from feeding 
to the carburetor in an even uninterrupted 
flow.. The main supply tank has a capacity 
of 21% gallons. 

Care and Repair 

The simple, durable construction of the 
vacuum tank makes it unlikely that the car 
owner will need to make internal repairs. 
If the motor fails to start, it is not necessarily 
due to improper action of this system. If the 
carburetor can be flooded by lifting the 
needle valve under the cap at top of the 
float chamber, it will be known that the 
system is performing its work, and that th@ difficulty is due to such causes as an improperly 
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STEWART VACUUM TANK 
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Cv. ignition, etc. 



■%;■■■ \t the vacuum system is at fault it may be that the float (,Q) -Figure 

fight, has developed a leak; thus allowing it to become filled. with 

§■ heavy to rise and close the vacuum valve. This causes -_jh^-«iOEor 

|Ke same manner as would result from too rich a mixt'~~"in the car- 
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In removing the top of the tank after taking out the screws, a knife blade should be inserted- 
between the cover and body so as to separate the gasket without damage. The gasket is shellacked 
to make an air tight joint. Having removed the top to which the float is attached, the latter 
should be dipped into a pan of hot water. Bubbles will be seen at the point where a leak occurs . 
and in such case the spot should be marked. Two small holes should then be punched in the float, 
one in its top and the other in the bottom, in order that it may be emptied of the gasoline. The 
holes should then be soldered and the float again tested. In soldering the float care should be 
taken not to use more solder than required. Any unnecessary amount will add to its weight 
and interfere with proper action. In removing the float and while repairing it, care should be 
taken not to bend the float guide rod. If bent it will strike the guide and retard the float action, 
thereby producing the same effect as a leaky float. It should also be seen that the surface of the 
rod is perfectly smooth for the same reason. 

To temporarily overcome the condition of a leaky float until it can be repaired, the tank 
should be allowed to fill by running the motor. The plug (W) should then be removed and 
the car driven until the supply of gasoline is nearly exhausted. The plug can be replaced and ^the 
tank again allowed to fill. This procedure can be repeated until a repair station has been reached. 

Another condition which might cause* Slfeulty is that a small particle.of dirt or other foreign 
matter may become lodged under the flapper valve (H) in a manner to prevent the valve from 
closing To prove such a condition the air vent (M) must be plugged and the tube to carburetor 
disconnected at the tank. The motor should then be started and the»>finger applied to the 
opening. If there is a continuous suction it is evident that the, valve is not; closing or that there 
is an air leak in the tubing from the main supply tank or its connections. , --■ ' ;l ';■; - ) 

In many cases this condition of the flapper- valye canj^-ranedied by. merely tapping on the 
side of the tank, thus shaking loose the particle of c rt wT h ha* clogged the valve. If this is not 
effective the top should be removed arid t-hea^^cAwfr^f out * » J A 

The gasoline strainer (V) collects all foreign -substances that. might find their way into the 

gasoline If the tank fails to work it may be that this screen is clogged. This should be the first 

point to be investigated in case of failure and the screen should be cleaned about every three or ; 

Tour weeks in any event. It is simply necessary to unfasten the connection into which the eltiow 

is screwed. " ; . 

The air vent (M) allows an atmospheric condition to be-maintainM in the Ipwer chamber 
and also serves to prevent an overflow of gasoline in descending steep grades. IfjOnce in a long- 
while a small amount of gasoline escapes, no harm will be done and no adjustment is nee|ed.;> 
However if the vent tube regularlv overflows it may be caused by the air vent hole in the nller 
cap on the main supply tank having becom&^losed. This difficulty can be overcome by opening 
the vent. .» •» -#1 .' * ",. . - < •'' 



ELECTRIC STARTING AND CHARGING SYSTEM 



Generator J-j 

The work of a generator is that of converting the mechanical energy imparted to -it by the 
engine into electrical energy which is used directly for lighting and ignition or accumulated m the 
battery for later use in starting the engine or for lighting and ignition when the generator is at 
rest or when it is operating too slowly to generate current. 

An armature, which briefly consists of a number of loops of wire mounted in a rigid manner 
on a laminated iron core, is caused to revolve at a high rate of speed in a magnetic held produced 
by Electro-Magnets. The electro-magnets are simply bars of iron attached to the body of the 
generator which are wound with coils of wire and caused to become magnetized by the current^ 
passed through them. The magnetic influence which passes between the Poles or ends ot the 
electro-magnets— which are known as the Fields— are called "lines of force These, lines ot 
force flow out of a North Pole so-called, around to the South Pole and through the core back : 
the North Pole. The space between these magnets, occupied by the lines of iofce, te cai^ ' 
Magnetic Field. 
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It has been shown that if an electric current is passed through 
generator Fields, a magnetic field is. produced between the poles of:! 
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conductor such as the armature is passed or revolved between the poles of the Fields, through the! 
magnetic field so that the lines of force of the field are cut by it, an electric pressure is generated 
in the Armature which will cause a flow of current. 

■t 

Direction of Current Flow 

The ends of each loop of wire which compose the armature are connected to bars forming 
the Commutator, and by placing carbon brushes in contact with this Commutator the current 

is collected and directed through the 
external circuit. The current thus collected 
is passed from the Positive Brush of the! 
generator into the metal frame of the car. 
Being also connected to the frame, the 
Storage Battery accumulates the current 
through its positive Terminal and passes 
■ it through the Negative Terminal into a 
'""Wire connected with the positive side of 
the Ammeter, which indicates the rate of 
flow. From the negative side of the am- 
meter the current is passed to the Relay or 
Automatic Cut-Out, thence to the Neg- 
ative Brush on the commutator of the gen- 
erator, thus completing the charging circuit. 
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One side of the electric bulbs in each 
e headlamps and the bulbs in the side 



Construction readily permits 
inspection of interior 



Figure Xo. 19 



Drive End arranged for 
convenient disassembly 



GRAY & DAVIS GENERATOR 



Of 

"and rear lamps, as well as those in any 
. additional lamps, is grounded to the frame. 
The other side is connected through the 
switch to. the negative side of the ammeter. 
When the generator is charging with the 

Tamps burning, the current flows from its 
positive brush through the frame to the 
lamps and returns to its negative brush 
through the switch, ammeter and relay, 
thus completing the lighting circuit. Any 
current which is generated in excess of that 

- required for lighting and ignition is passed 
through the charging circuit. At low speeds 
when little or no current is being delivered 
by the generator the current flows from 
the positive side of the battery through the 
frame to the lamps and ignition system 
and returns to the negative terminal of the 
battery through the switch and ammeter. 

Regulation of Generator Output 



-•<<*" 



The necessity for some form of auto- 
thp „ b „„ n + ■ T matic regulation to control the output of 

the generator is quite apparent. It will be seen that fundamentally the current produced by 
a generator increases with the speed, and since the speed of the engine from which the generator 
r^rr^ Va Tf S ^ u ee "- Wide limitS * the CUrrent value xvould also fluctuate unless properlv 
, become overcLrSed argmg ^ * ^ gH ^ S enerat0r 1S overheated and the battery may 

c , , Th r 61 i e u haV u e bee , numerous f orms of generator regulation, but one of the most simple and 
successful has been the so-called Third Brush. This type takes its name from the fact that an 
additional or 1 hird-Brush placed on the generator commutator is connected to the field windines 
4 T. ngS msteac! of b ei n g connected across the two mam brushes, as in the ordinary Shunt- 
a8w «?W I" 6 C °"' ,eCte T fr °™ ^he positive brush to the third brush! The generator starts to 
' •- ' '.' -peed and delivers its full charging current at average driving speed. Above 

%--, ,,■--.■--;-"-» ■' r. ^N - - * ■ ... ■'"■.;' ".' • i 
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Figure No. 18 



Diagram of Wiring System with Gray & Davis Generator and Starting Motor 
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Diagram of Wiring System with Remy Generator and Starting Motor 
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-the average speed the third brush, due to inherent characteristics produced within the generator, 
redupes the current automatically so that the battery is not subjected to an excessive charge. 
This "action may be described as follows: 

When the armature is turning at a certain definite speed there is a certain difference or 
potential between the third brush and the positive brush. This difference of potential or voltage 
, produces the current in the shunt fields. As the armature increases in speed, there will be an 
increase in the distortion of the magnetic field, or in other words an increase in the armature 
reaction. This will lower the voltage between the third brush and the positive brush and 
will consequently diminish the current in the shunt fields. This reduction in shunt field 
current lowers the charging rate. 



Relay or Automatic Cut-out 

■ The Relay or Automatic Cut-out (mounted at the rear end of the Gray & Davis 

generator, with which the model 6-66 cars were originally equipped, and on the dash since 

Remy equipment was adopted) is simply an automatic switch for connecting and disconnecting 

' th> battery charging circuit. If the battery was not disconnected from the generator when 

j thv engine stops or when the car is driven too slowly for the generator to charge, reverse current 

- wculd flow from the battery back through the generator windings and would soon exhaust the 

battery. This instrument is, therefore, provided to act as a check valve, permitting the 

charging current to flow to the battery when the generator is driven fast enough to produce 

_ .current and causing the circuit to open when 

'the engine slows down or stops, thereby 
preventing flow of the current in the opposite 

/direction. 

The Relay is composed of a soft iron core 
on which two coils of wire are wound. There 

t .are also two contact points, one 'of which is 
stationary and the other attached to a movable 

. 'arm -with a spring hinge. The inner coil of fine 
wire, known as the Shunt coil, is directly 

. connected across the positive and negative \ 

brushes in the generator. The spring on 
the movable arm holds the contact points 
apart when the generator is at rest, but when 

' it ! ife driven at sufficient speed to develop F ' giTw No 20 

, voltage equal to the battery voltage, the shunt ; — 

coil is energized and the magnetism thereby produced pulls down the arm, thus closing the con- 
tact points and connecting the Series coil with the battery. The Series coil is simply a few 
.turns of heavy wire over the shunt coil but insulated from it — through which the main 
current to the battery and all points in the wiring system is carried. The charging current 
passing through the series coil after the contact points have closed further increases the magne- 
tism, and insures that the arm will be held down to a firm contact. As soon as the generator 
slows down or stops it no longer energizes the shunt coil. The arm would tend to stay 
down, however, due to slight "Residual" magetism were it not for the action of the series 
coil. When current starts to flow from the battery in a reverse direction back through the genera- 
tor, it passes through the series coil so that the magnet is demagnetized and the contact points 
released. 

If the relay points become dirty or show uneven wear, they may be cleaned and leveled by, 
passing between them a piece of number 00 sandpaper. Care should be taken not to spring the 
arm or to change either the opening between contacts or the spring tension. The spring tension 
is, correctly set to operate at the proper time for connecting and disconnecting the points and 
must not be changed. , 




REMY GENERATOR 



-Remy Thermostat Control ; y 

The battery is called upon for considerably more current dunngjne umtel lnt / ls t iu -- , ar>. 
•' during other seasons of the year because of the increased use of lights an J longer applicant throu ^ 1 
^starting^otor required to start a cold engine. " Furchermore, since - | condition of tr? brusn - 
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during cold' weather imposes slower driving, the battery does not receive even the normal amount 
of recharge. With the Gray & Davis type of generator this difference in operating conditions,, 
is provided for by an adjustment of the Third-Brush to increase the current output during the 
winter months over that required during warm weather. In the Remy generator, however, we 

have an instrument of larger capacity and 
the current output is reduced automatically 
by a patented feature, when such reduction 
is necessary. 

A larger capacity generator could not 
safely be used without some means of pro- ■■, 
tecting the battery from the overheating 
which a continuous high charge rate would , 
-^ cause, especially during warm weather. Over- j 
™ heating will seriously damage the plates and 
materially shorten the life of a battery. The 
Figure No. 21 relay— remy generator Remy patented Thermostat Control has > 

made it possible to furnish a generator of 
large current capacity for cold weather usage by reducing the charging current automatically 
whenever the generator tends to heat up. The generator will naturally heat up more quickly 
during the warm seasons than during the winter months; therefore, the battery as well as the 1 
generator is protected. The thermostat thus insures not only maximum battery life, but enables 
the highest charging rate to be used which the battery may safely receive at the different tempera- 
tures. 
rf" •...,,,. 

The thermostat is mounted in an accessible place at the commutator end of the generator— 
where it is protected from any mechanical injury— and is inserted into the generator field circuit 
between the third and positive brushes. It is composed of a resistance unit, two silver contact 
points — one of which is rigidly mounted — and a spring blade which holds the other contact point. 
The blade is made of a strip of spring brass welded to a strip of nickle steel — a combination 
which warps at its free end when heated,: due to the greater expansion on the brass side. The 






blade is riveted through insulation' washers to 
that it holds the two contact points firmly 
together at low temperatures. As soon as 
the' temperature of the generator rises to 
approximately 175 degrees F. the blade bends 
and the contact points separate. When the 
contacts are closed, full field current passes j 
through them and permits full current out-,, 
put from the generator. After the rise in 
temperature of the generator the automatic 
Thermostat inserts the resistance into the 
field circuit and thus reduces the output. 

The maximum charging current from 
the Remy generator is 18-20 amperes from 
a cold start and this is reduced by the ther- 
mostat control to between 9 and 12 amperes 
after a period of running, depending entirely 
upon the speed, the condition of the battery 

, and the atmospheric temperature. The reduc- 
tion may therefore occur within a few minutes 

'or not at all if the weather is cold or the stops 
are frequent. It will always occur before the 
generator reaches an excessive temperature. 

Generator Protection 



the bracket, and the spring tension is fixed so 
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THERMOSTAT AND BRUSH RIGGING 
(Remy Generator) 
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circuit. This condition produces high voltage at the generator, which would damage the Field 
windings were they not protected by the failure of the Fuse and opening of the Field circuit. The 
generator should never be run unless it is connected to the battery. In the absence of a battery, 
the Fuse should be removed to protect the windings. 

This fuse should never be replaced with a wire or a fuse of greater capacity than the standard 
25 volt, 5 ampere fuse, otherwise the generator will be subjected to serious damage in the event 
of an open circuit. 

Third Brush Adjustment 

' .-■-.'- ' ' 

When the Gray & Davis generator is tested before being-installed, it is*run at various speeds 
from 500 to 3000 revolutions per minute and the third brush is adjusted so that the charging rate 
at any speed willnot exceed a definite amount, usually 12 to 15 amperes. Owing to the action of 
the third brush at speeds higher than that at which the generator gives 12 \o 15 amperes, the 
charging rate tapers off to about 10 amperes. 

The position of the third brush should never be changed unless it is certain that the battery 
receives more or less current from day to day than is desirable, and while the output can be 
changed if necessary by simply turning the pinion screw, located at the bottom of the rear cover 
plate between the fuse and the cutout, it is recommended that the instrument be taken to the 
Service Department of a Paige Distributor or Dealer for adjustment, . to avoid possibility of 
damage which would result if the 
third brush was adjusted to give an 
excessive rate of charge. A very slight 
turn of the screw will materially affect ^yj 
the charging rate. 

Should it be considered necessary 
to reduce the current output of the 
Remy. generator, it will be advisable 
to have this adjustment made by a 
branch or Service Station of the United 
Motors Service, Inc., who have the Figure No. 23 

contract of servicing all Remy equip- REMY starting motor and drive assembly 

ment. The necessary adjustment 

should be made only after ; the generator has cooled down to atmospheric temperature and 
the third brush should then be moved only sligsfdy. Where a reduction in the current output 
is necessary, a reduction of one to two amperes in ..the maximum charging rate will in all prob- 
ability be sufficient. Unless most of the driving during summer months is made up of unusually 
long day light trips with little or no use of the lainps, the thermostat will be found to control 
the current output without any attention to the third brush adjustment. 

Where the charging rate does not exceed 15 amperes when the generator is thoroughly 
cooled, it should be dete«nined if the ammeter indicates a correct zero with the engine at rest and 
with all lights and the ignition turned off. If low current persists before the reduction in the 
charging rate occurs by thermostatic action, it would be advisable to investigate the condition 
of the commutator and brushes. A removable dust tight cover around the end of the generator 
permits easy access to these parts. The commutator will naturally show a brown color in normal 
use, but should it appear black or scored its surface should be smoothed with a piece of number 00 
sandpaper. Emery cloth should never be used for this purpose. It should also be seen 
that the brushes swing freely on their pivots and that they are held in proper contact with the 
commutator by the spring tension. If the charging rate is not improved after having cleaned the 
commutator and made an inspection of the brushes, it may be necessary to have the third brush 
adjusted to increase the current output. 

Starting Motor 

It has been explained that the work of the generator is that of converting mechanical into 
electrical energy, but with the starting motor conditions are reversed, as it depends upon the 
storage battery for its energy,. The starting motor has practically the same pafts and c( instruction 
as the generator but the current is received into the loops of wire composing the armature through 
the negative brush and commutator and passed through the field coils to 'tha pos,dve brush. 
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From the latter point the current is returned to the negative terminal of the battery through a 
heavy cable and starting switch. 

It is known that if an electric current is allowed to flow through one or a number of loops of 
wire a magnetic field is produced which circles the wire and lasts as long as the current lasts. If 
these loops of wire— which compose the armature— are placed in a parallel magnetic field, the 
whirling field about the loops together with the parallel field, produces a force tending to move 
the loops of wire. This is the principle of the electric motor. 

The starting motor is provided with the Bendix Drive which engages it with the engine 
automatically. The extended shaft of the starting motor carries a hardened steel sleeve upon 
which is cut a screw thread. Operating upon this sleeve is a steel pinion having a lateral travel 
of about one and one-half inches for engaging the gear teeth on the flywheel. A helical steel 
spring serves as a flexible coupling between the starting motor and the engine. It also facilitates 
engagement of the gears. v-~ 

Sequence of Operation 

When the starting motor is supplied with current, its armature being free, starts to revolve 
at a high rate of speed. Normally the pinion is in a demeshed position, and being weighted on one 
side tends to lag behind the rotation of the shaft by reason of its inertia. This causes it to move 
endwise and it is thus drawn into mesh with the gear on flywheel. If the pinion is in a meshing 
position it continues its endwise travel until it reaches the stop collar, which causes it to rotate 
with the screw-shaft and thereby turn the flywheel. If the pinion teeth instead of sliding between 
should strike the ends of the.flywheel teeth, the spring through which the screw-shaft is driven, 

permits the pinion to mesh with the next 
tooth without shock or/binding. As soon 
as the engine starts -firing', its increased 
speed of rotation threads the pinion back 
in the opposite direction, thus disengaging 
the starting motor from the engine. 
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Retard Spark When Starting 

Before starting appliances came into 
Figure No. 24 - common usage when operators of automo- 

gray & davis starting motor t ive vehicles were accustomed to cranking 

.-"•-.; the engine by hand, they were aware of 

the personal danger in attempting to stSHt**fcith an advanced spark lever and were careful to . 
take the necessary precaution to prevent possibility of a back-fire. However, since the incep- 
tion of the electric starting motor, the fear of injury has been removed with the result that 
attention to retardation of the spark is often neglected. 

A back-fire is the result of a premature expansion of gases in the engine cylinder when starting, 
reversing the direction of rotation of the crankshaft against that of the starting motor armature,' 
which is exerting its full power in the opposite direction, thus bringing two main forces together! 
Under such conditions the tooth of the flywheel gear at point of contact with the Bendix pinion 
may be unable to withstand the shock with the result that the teeth of the gear will be broken. 
Failing in this there will be a tendency to spring the armature shaft on which the Bendix Drive 
sleeve and pinion are mounted and to distort the coil spring through which the drive is accom- 
plished. 



Maintenance 

The commutator and brushes of the starting motor are designed to carry a heavy current 
without injury, and under normal conditions will require little attention during the life of the car. 
Normally, the commutator should be cleaned about once a year with 00 sandpaper as in the 
case of the generator. A removable cover makes the commutator and brushes easily accessible. 
Should the commutator surface become rough and pitted, making the motor inoperative, it will be 
advisable ; j have" necessary repairs performed by a Branch or Service Station of the United 
Motors Service, Inc., 

\j Attent' \. i§ called to the fact that, there is a drain hole in the band covering the commutator 
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and brushes of both generator and starting motor. If it is removed, care should be taken to have 
this hole at the bottom when the band is replaced. 

Storage Battery ^ 

The Willard 6 volt storage battery, which is located under the driver's seat, is an electro- 
chemical apparatus, and acts as the reservoir into which the electrical energy, supplied by the 
generator is stored for purposes of starting, lighting and ignition. 

It is a common impression that a storage battery receives and stores up the actual 
electricity used in charging it. On the contrary the charging to the battery causes certain 
electro-chemical action between positive and negative plates in the presence of a medium known 
as electrolyte or battery solution. This does not actually store up electricity, but produces a 
chemical change in the plates. When a circuit is established between the elements the active 
material of the plates changes back to its original condition and an electrical current is generated. 



Construction 

The "grid" or frame work of a plate is cast from 
an alloy consisting chiefly of lead and is similar in 
appearance to filigree work. The open spaces are filled 
with a paste or compound consisting chiefly of lead. 
The positive plates when properly formed and finished, 
are composed of peroxide of lead which is of a dark 
brown color, and the negative plates are of porous, 
spongy lead, which is gray in color. A number of plates 
of the same kind connected together is called a "group." i 
An "element" is formed by placing a positive and" 
negative group together so that, the plates alternate 
and are prevented from touching each other by separa- 
tors. When this element is placed in a jar containing 
a mixture of sulphuric acid and water (electrolyte), it 
is called a cell. A battery is composed of one or more 
cells, the number depending upon the voltage required. 
A six volt battery is composed of three cells. 

The chemical process previously referred to as 
taking place in the plates while charging, is reversed in 
the discharge — the plates reabsorbing from the solution I 
the acid which was excluded during the charging, thus 
forming a lead sulphate which is again converted into 
its original form in the plates when the battery is re- 
charged and the cycle is completed. 




Figure 
No. 25 



STORAGE BATTERY 
(Sectional View) 



Maintenance 

When a new car is purchased, the owner should visit the nearest Willard Service Station 
immediately in order that the battery in his car may be registered, and that he may receive the 
advantage of the Willard 90-day insurance policy. At that time he should ask for a service card 
on which the registration date will be written as shown in Figure No. 26. When a Wilhard 
battery is purchased to replace the original it will be registered when sold. 

The owner should make a practice of testing the battery on the first and fifteenth of every 
month with a "Hydrometer" purchased from a Willard Service Station on his first visit, bully 
charged cells should read between 1280 and 1300. If any cells are below 1275 on two successive, 
testing dates the battery should be taken to a Service Station and fully charged. In taking - 
these readings, care should be exercised to return the electrolyte from the hydrometer syringe 
to the same battery cell from which it was taken. All cells should be kept filled with 
distilled water to a level one half inch above the top of the plates. They should 
never be filled above that level. *' 

The battery and its compartment should be kept clean and dry. The_ 
also be clean, tight, and well covered with vaseline to prevent corrosion. Ti 

t-j'-. :-'w? % ' *%*. "■ 
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never be allowed to become heated in service above 100 degrees R, especially in warm weather, 
and if it is found that the top connectors are more than blood warm to the touch the tempera- 
ture of the battery should be taken with a dairy thermometer. Should the temperature 
register over 100 degrees R, all lamps should be burned while driving untiPa Willard Service 
Station can be consulted. Should th e temperature reach 120 degrees R, the battery will be 

ruined. During cold weather the battery should be 
tested frequently and the specific gravity should never 
be allowed to fall below 1275. A discharged battery will 
freeze a little below freezing point. 

In the event that the car is stored for the winter, 
the battery should be removed and placed in storage 
with a battery service station. It is to be remembered 
that a battery will slowly discharge when standing. 
Serious damage will result if it is not kept charged, 
and it has been found impractical to charge by running 
the mc tor when the car is not in use. 
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Figure No. 26 

REGISTRATION SERVICE CARD 
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Figure No. 27 

CONSULTING SERVICE CARD 



Unscrew Vent Plug 




CLUTCH 
Explanation 

There are two main connections between the motor 
and rear axle, namely the clutch and the transmission, 
either of which can be disengaged at the will of the 
operator. The power of a motor is limited primarily by 
its size but within a certain range its power is largely 
dependent upon the speed at which it is operated and its 
ratio to the rear axle. When it is found desirable to exert 
power in excess of that procurable from the motor at a 
certain speed it becomes necessary to increase its ratio 
to the rear axle by changing the relation to each other 
of reduction gears contained in a housing attached [to 




Figure No. 



Reading for fully charged batter/ 
should be between 1280 81 1300 

Figure No. 29 
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the rear end of the motor and known as a "transmission." In order that this change may he 
accomplished while the motor is running it is necessary to break the connection between the 
motor and transmission momentarily. This connection must be so constructed that it will 
release the one from the other and re-engage them quickly and smoothly; at the same time 
there can be no loss of power transmission as a result of slippage when a positive connection is 
required I his work is performed by the "clutch," and because it has the function of trans- 
mitting the power of the motor and at the same time of cushioning that power in picking up the 
load, its influence on the life of the transmission and drive units is all important. 

Operation 

The clutch is contained within the flywheel which has been formed into a hollow drum bv the 
attachment of a cover. The rear end of the crankshaft is bored to support a roller bearing in 




Figure No. 31 



SECTIONAL VIEW OF CLUTCH AND TRANSMISSION 



. which the front end of a horizontal shaft is mounted. The main transmission drive gear is integral 
jjjWth this shaft at its rear end, and the shaft is supported at the gear by a ball bearing mounted at 
"^ront of the transmission case— the latter being bolted to the housing around the flywheel A 
friction disc or dry-plate is keyed to the forward end of the shaft by four splines and rotates 
between two rings of special frictional material— one of these rings being next to the inner face of 
the flywhee and the other next to a thrust ring which is keyed to the rim of the flywheel The 
rear lace of this thrust ring constitutes three inclined planes. ■•' , 

i Another- ring is attached to the clutch cover- by two capscrews whicfe extend into the line 
througtTslots in the cover. Three bell crank levers are attached to,,ttK'%ier or front face of 
this ring, and each lever carries a thrust shoe opposite the point of its afc. Vnent. These leve, j - 
extend toward the center of the ring where their ends engage a slot >»~> a retr^--; --■ -^^r^f^lSh 
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upon a sleeve over the horizontal shaft through the medium of a ball thrust bearing. The rear 
end of the sleeve is threaded to receive a nut which holds in place another ball thrust bearing 
against which the pedal leverage is exerted through the medium of a cross shaft and yoke when 
the clutch is disengaged. A heavy coil spring — conical in shape — is held compressed between 
a shoulder on the retractor collar and the inside face of the cover, and its pressure is exerted to 
keep the clutch discs engaged. v . 

The friction disc and rings of frictional material, the horizontal shaft and the sleeve being 
the only parts not anchored to the flywheel, float at rest until they are locked to the flywheel 
by the wedge action of the bell cranks. When .the .clutch pedal is pressed the sleeve and re- 
, tractor collar are pulled rearward, moving the bell cranks and consequently releasing the wedge 
pressure on the thrust ring. When released, the. spring thrust moves the bell cranks forward' 
exerting the pressure that locks the driving disc. It has been explained that the thrust ring is 
in the shape of three inclined planes, thinner on the inner edge than on the outer. The thrust 
shoes on the bell cranks mount this inclined surface as the spring thrust is exerted and gradually 
increase^ the pressure on the friction rings. This causes the friction disc to begin to move; at first 
slowly and then with increasing speed until the pressure of the thrust ring finally locks it to drive 
with the flywheel.- .,_ 

*''' '---■ -. 

,J , ""'" V* "'■ - : ' 

Adjustment - - / ' ; * 

During the. first f ew ; ,hundred -.miles of service, wear on the friction surfaces of the clutch 
will be more rapid than during any. period thereafter. As wear occurs, the distance in which the 
wedge action of the thrust shoes takes place is increased, which decreases the distance (B) ("Figure 
31) between the throwout bearing and the face of the cover plate. As a result the fingers of the 
throwout yoke are pushed forward and, as a, slight movement at this point is multiplied at the 
pedal, the initial clearance between the pedal" a%^^R*flO'6'r board will in time be entirely taken up. 
The distance in which the ; ,spring may exert its "pressure being limited by this Obstruction, it can 
no longer hold the friction surfaces in proper contact and slippage with consequent loss of power 
will naturally result; . / 

There should. be. a clearance between the flgdal. (when .the clutch is engaged) and the floor 
board of from %" to ,1" and the; operator .should see that this distance is maintained. It can be 
increased when necessary by a readjustment of the set-screw, which is provided for this purpose 
at the lower end of the pedal lever.as'%ftQwn in Figure 31. It is simply necessary to release the, lock 
nut and withdraw the set-screw a few turns";- The lock nut should then be retightened. 

The. extent to which the pedal adjustmer-t can be repeated as wear occurs is dependent upon 
the amount of pressure exerted by thgjjlutchjlprfhg (which varies between certain 4imits;Tarichtke 
condition of the friction discs, but a point will eventually be reached after extensive service, where 
a readjustment of the clutch proper will become necessary. 

By turning the adjustment ring in a clockwise direction at that time the relation of the 
thrust shoes to the thrust ring will be changed so that the distance in which the wedge action takes 
place is shortened, and thus the pressure of the spring and the grip on the friction surfaces is 
increased. The initial adjustment at the factory and any readjustment thereafter is regulated 
by the distance at (B) when the clutch is engaged, which should be 1 ys inches. 

To adjust the thrust ring the clutch must be released by pressing the pedal. The two slot^ 
bolts (A) Which enter the ring must be brought to the hand hole (C) in the housing, then loosened 
in turn and the ring moved to the right or clockwise about Yi' by tapping upon the heads of either 
bolt. Th.e,clutch should then be engaged and the distance at (B) measured. If this distance 
is more than 1^", the clutch should again be released and the ring moved in the opposite direction 
far enough togive the correct setting. The slot-bolts should then be retightened. 

An adjustment of the thrust ring will automatically lower the pedal, in other words it will 
increase the clearance between the pedal and. the floor board and where this clearance has been 
maintained by adjustment of the pedal, it will be found necessary to raise the pedal to a proper 
distance from the floor board by returning the set-screw to its original setting. Otherwise the 
"throw" of the pedal may not be sufficient to fully release the clutch and it will tend to drag. 

. - v It is intended that when the slot-bolts reach the end of the cover slots due to-j-epeated ad- 
justments, they she • id be screwed out of their mounting' holes and set back into repeat hales 
■r th jp^osite e, j of the slots; however, where this is possible it is usually necessary to replace" 

Figure No. ' . - ;! " . 
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Dragging and Grabbing 

Dragging of the clutch, which makes gear shifting difficult, comes from the failure of the 
discs to release properly and to allow the driving disc to come to rest. It is usually caused by too 
tight an adjustment. The remedy in such case is to set back the slot bolts (A) slightly. Grabbing 
or stuttering causes the car to jump when the clutch is engaged and shows uneven gripping of the 
driving disc by the friction rings. This is often caused by the accumulation of dirt or grease on 
the friction rings and can only be corrected by taking the clutch apart and washing the rings. 

TRANSMISSION 
Explanation 

The transmission — so named by its function of transmitting the motive power to the rear 
axle, directly through its main shaft or through reduction gears when a greater reduction 




TRANSMISSION AND AIR PUMP 



between driving and driven units is necessary— is of the selective type with three speeds forward 
and one reverse speed. It consists of a splined shaft above on which are mounted two sliding 
gears controlled by the gear shift hand lever. Below this splined shaft is a countershaft on 
which four additional gears are mounted ; a reverse gear, a first speed gear, an intermediate gear 
and the countershaft drive gear. The latter gear is permanently engaged with the main drive 
gear on the end of the clutch shaft and causes the countershaft to revolve at all times when the 
clutch is engaged. The front end of the splined shaft is carried in a roller bearing within the 
end of the main drive gear and is connected at its rear end to the propeller shafr. The main 
drive gear and rear end of the splined shaft are carried in ball bearings, while VtouniK 
shaft is carried in roller bearings. There is also a reverse idler gear mounted o &£ - V-.aft. " 
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a position which permits it to engage with the first and reverse speed sliding gear. This idler 
gear is permanently engaged with the reverse gear on the countershaft and extends through the 
side of the case for the operation of the air pump. 



Operation 

The second and high speed sliding gear is caused to engage the intermediate gear on the 
countershaft, or its dogs to engage the main drive gear, also the first and reverse speed sliding 
gear is caused to engage the first speed countershaft gear or the reverse idler gear, as the 
case may be, by forks forged integral with two shifters which slide forward and backward 
in guides on the underside of the transmission case cover. These shifters are operated by the 
change speed hand lever, the lower end of which alternates between slots cut in the sides of the 
shifters for the engagement of first and reverse speed gears or second and high speed gears as the 
case may be. 

The control mechanism is so constructed that it is an impossibility to mesh more than one 
set of gears at a time. This is accomplished by the necessity of bringing the gear shift lever to 
the neutral position before it can be moved across into the slot of the other shifter and by a small 
hardened steel roller located in a recess between the two shifters, which is forced into a notch in 
the one by the other when it-is moved forward or backward. The one is thereby locked in neutral 
position when the other is being moved. There are also two pawls entered from the sides of the 
transmission cover which fall into slots in the sides of the shifters when they are in any one of 
their three positions. The gears are held engaged thereby until demeshed by the gear shift hand 
lever. 

One of the outstanding; features of this transmission is the "Neutral Lock" for the change 
speed hand lever, which automatically locks that lever at the central or neutral position when 
pushed forward by the foot. The "Yale" cylinder must be unlocked by the proper key before 
the car can be driven. 

Adjustment ' 

The bearings in the transmission are of a type that do not require adjustment; therefore no 
adjustment is provided excepting that thrust washers are installed at the ends of the counter- 
shaft and after extensive service it may be found necessary to have these replaced. 

PROPELLER SHAFT AND UNIVERSAL JOINTS 

Explanation .' »• 

As the motive power is not transmitted to the rear axle in a horizontal plane excepting when 
the springs are compressed under load it is necessary that the propeller shaft between these units 





Figure- No. 33 : 



UNIVERSAL JOINT 



be conne *d by universal joints. It will be seen that the angularity of the propeller shaft is 

vubject to ;'.hange by the spring action and that there is also a certain amount of distortion in 

Jit/..) y~;en the car is travelling over rough or uneven roads which makes flexibility of action 

;ces. • ■«■'"•" -J •■'ose points. The forward universal joint includes a slip connection which allows 
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for any variation in the overall length of the set due to spring action. This slip connection con- 
sists of a grooved socket which receives the splined end of the shaft and provides for the forward 
and backward thrust. 

Position of Casing 

Should it be found necessary to disassemble the universal joints, care should be taken in 
reassembling to see that the bolt holes in the flange and the inside casing are matched up in sucn 
a way as to bring the grease hole which is closed by a threaded plug, opposite an open space in 
the joint, and not opposite one of the lugs which would prevent the introduction of grease through 
the hole. 

The joints are fitted with a spring of suitable strength to give the proper pressure on the 
packing between the inner and outer casings in order that the lubricant may be retained. These 
springs will require no attention from the operator. 

Aside from lubrication the universal joints should require no attention excepting possibly 
that the journal bushings may become worn after extensive service and their replacement tound 
necessary to eliminate lost motion. The 



packing between the inner and outer casings 
may also require renewal to prevent loss 
of the lubricant. 

REAR AXLE 
Explanation 

The rear axle is of the floating type 
with pressed steel housing and with the 
driving and driven parts carried as a unit 
by a removable housing known as the 
"Differential Carrier." This construction 
insures perfect alignment of the drive 
pinion and bevel ring gear through which 
the power is transmitted to the axle shafts. 
The axle assembly includes the pinion shaft, 
differential, axle "shafts, brakes and wheels 
and constitutes the final element in the 
driving mechanism. 

The pinion shaft transmits the power 
from the propeller shaft to the driving 
gears of the differential. It is contained 
within the housing formed by the differen- 
tial carrier and its front end is carried by 
a double row ball bearing within an adjust- 
able sleeve threaded into the end of the 
differential carrier. Its rear end is carried 
by a roller bearing immediately in front 
of the bevel pinion. The bearing outer 
races are prevented from turning "In the 
case of the roller bearing by a set screw 
entered from the outside of the carrier and 
in the case of the ball bearing by a nut 
-threaded into the rear end of the adjusting 
sleeve and secured by a lock wire. These 
bearings are separated by a spacer and are 
I held between a washer at back of the pinion Rg No n 
' and an adjusting nut at front end of the 
shaft. The adjusting nut is locked by a 
■ jam nut and locking washer. The pinion 
shaft with its pinion, bearings, and adjusting sleeve, is removable as a unit bv 
locking finger and withdrawing the sleeve. 

The differential equalizes the amount of power applied to each of the r~^whv 




SECTIONAL VIEW OF DIFFERENTIAL 

CARRIER ASSEMBLY 

(Showing Points of Adjustment) 
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one wheel to travel faster than the other when the car is rounding a curve. It consists of a case 
mounted upon and held in position between adjustable taper roller bearings. The bevel ring gear 
which engages the drive pinion is attached to the outside of the differential case. Inside of this 
case is a set of four bevel pinions, which engage side gears on the splined inner ends of the axle 
shafts. Ordinarily the differential gears lock themselves and revolve with the case as a solid 
unit but when rounding a curve the inside wheel tends to pivot and being connected to one of 
the side gears by the axle shaft causes that gear to revolve more slowly. Since the motor continues 
to drive the differential case at the same speed the four bevel pinions are caused to revolve, thus 
allowing the other side gear to revolve at a speed which is increased in proportion to the decrease 
in speed of the gear on the pivoting side. 

The rear wheel driving flanges are keyed to the tapered ends of the axle shafts, and the load 
is carried by double row ball bearings on the outer ends of the axle tubes. These bearings are 
contained within the hubs of the wheels and are held therein by retainers. They are held on the 
axle tubes by locking nuts and washers. The discs on the brake spiders provide troughs into which 
escaping oil will fall and be carried away by drain pipes. 
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Adjustment 

In order that the spiral bevel ring gear 
and drive pinion may operate correctly they 
must be in perfect alignment; at the same 
time there must be a correct amount of back 
lash between the pinion and gear. To that 
end two means of adjustment are provided. 
The differential on which the ring gear is 
mounted may be moved toward either side 
as required by turning one of the adjusting 
nuts (A) Figure No. 34 to the left and 
.turning the other to the right an equal 
amount, after the locking fingers (B) have 
been removed and the screws (C) in the 
bearing caps have been loosened. The 
pinion may also be moved forward or 
backward by turning the adjusting sleeve 
(D) in which the pinion shaft is mounted. 
The movement of the pinion shaft adjusting 
sleeve or the differential adjusting rings 
one notch is equivalent to approximately 
four thousandths (.004) inch at the point 
of contact between the pinion and ring gear. 
The amount of back lash necessary to 
insure quietness of action is ordinarily 
between ten thousandths (.010) and twenty 
thousandths (.020) of an inch, depending 
upon the cut of the gears and the variation 
which takes place in their manufacture, 
The proper amount of back lash or clear- 
ance should be arrived at however, only 
after it is known that the ends of the teeth 
on the pinion are flush with either the inner 
or outer ends of the teeth on the ring gear. 

To arrive at the proper running posi- 
tion of these gears — in order that their teeth, 
may have a full line contact and at the 
operate with quietness — is the work of an experienced mechanic who often locates 
• u' ling position only after a number of experimental settings within certain limits. 
T ■ -itould nofc'.be attempted by the average operator, notwithstanding the fact that 
'■>-' J *ifr gp- -v.. it of mechanical knowledge and ability. 
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Brakes 

There are two brakes for each rear wheel, the external or contracting brakes known as the 
service brakes, and the internal or expanding brakes known as the emergency brakes. The 
former are linked to and controlled by the foot pedal, while the latter are operated by a hand 
lever within easy reach from the driver's seat. The brake bands are supported by studs riveted 
to the brake spiders, which are securely riveted in turn to the ends of the axle tubes. Steel discs 
are attached to the spiders to exclude dirt from the internal brakes. 

There are four points of adjustment on each set of brakes. The adjusting screws (A) and (B) 
Figure No. 36 are the means of providing the proper clearance at rear of the internal and external 
bands when released and should be adjusted to allow an opening between the brake drum and the 
linings on the brake bands of not more than 1/32 inch. The adjusting nuts (C) which control 
the setting of the lower halves of the external bands are next to receive attention in the proper 
order of adjustment. The jam nuts must be loosened and the adjusting nuts regulated to give 
a maximum clearance of 1/32 inch around the lower halves of the bands. Should the linings 
touch the drums at any point due to their not being a true circle, a screw driver should be inserted 
and the band forced away. When the adjusting nuts are properly regulated they should be 
relocked by the jam nuts. 

The clearance between the top halves of the external bands should be regulated to a maximum 
of 1/16 inch by means of the nuts (D). This difference in clearance of 1/32 inch between the 
upper and lower halves is necessary by the action of the he'll- cranks, which tend to tighten the 
upper half to the drum sooner than the lower half is tightened. , ' 

When the brakes are released the pedal should be close to .the floor board and the centers of 
the eyes of all levers on the cross shafts in the frame should be from 1." to 1M inches to the rear 
of the shafts. The levers carried on the. brake spiders should be as far back as allowable with 
the rods furnished and these rods should not be shortened when the brake linings wear. This 
would disturb the proper setting of the brake kvers and would prevent proper brake action. All 
adjustments should be made at the bands where the wear occurs,. 



FRONT AXLE 



Explanation 



The front axle I-beam center, steering 
knuckles and steering arms are drop forg- 
ings of carbon steel, suitably heat treated. 
Two hardened steel thrust washers are 
provided between the axle yokes and tops 
of the steering knuckles. The king bolts 
which secure the knuckles to the axle are 
pinned to the latter and are mounted in 
hardened steel bushings at their upper 
and lower ends. Each bushing is provided 
with an oiler. The tapered ends of the 
steering arms are keyed to the knuckles 
and are secured by castle nuts and cotter 
keys. The tie rod yokes are drop forged, 
heat treated, and secured to the steering 
arms by hardened steel bolts mounted in 
steel bushings at their upper and lower ends. 
These bolts are also provided with oilers. 

The front wheels are mounted on 
tapered roller bearings and are secured by 
," lock washers, castle nuts and cotter keys. 
'The bearings are protected from dust by felt washers and retainers at the inside of the 




Figure No. 36 



REAR WHEEL BRAKES 
(Showing Points of Adjustment) 



hubs, and by the hub caps on the axle shaft flange. The bushings for the s p 
bolts are also protected by dust caps. The tie rod between the steering arm 
of the axle where it is protected from accident. All bearing surfaces are ground a 
and held within strict limits. Adjustable stops regulate the throw of\he f 
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Adjustment 

Attention is called to the fact that the front wheels have a gather, or are "toed-in" approxi- 
mately 5/16 of an inch. Difficult steering and excessive wear on the front wheel tires are often 
caused by a change in this setting, the result possibly of an accident. The measurement should 
be taken front and rear at the felloe band, and in a horizontal plane through the center of the 
wheels. It should be found that they are closer in front than in the rear by the above given 
amount. An adjustment can be made if necessary by means of the adjustable yoke on the tie rod 
between the steering knuckle arms . 



Wheel Bearings 

*J To adjust the roller bearings in the front wheels to compensate for wear, the wheels should be 
relieved of their load by raising the axle. Having removed the hub cap and cotter pin, the ad- 
justing nut on the end of the spindle should be turned against the inner cone of the outer bearing 
while the wheel is being rotated. When the wheel binds the nut should be backed away just 

enough to allow the wheel to rotate freely with- 
out any perceptable shake or end play. At that 
point the nut should be relocked. 

The double row ball bearings in the rear 
wheels should require little or no adjustment, 
excepting that the adjusting nuts on the ends of 
the axle tubes should press tightly against the 
inner races of the bearings at all times, and that 
they should be securely locked. To reach the 
adjusting nuts, the axle shaft driving flanges 
must be unfastened and the axle shafts with- 
drawn from the tubes. It is important that the 
bearing retainer is fully screwed up and securely 
locked by the locking wire, when the bearing is 
returned to the wheel hub after having been, 
removed. 

Once or twice during a season the bearings 
should be removed and washed in a mixture of 
washing soda and hot water. They should be 
placed in a pan containing the solution and heat- 
ed over a fire until the boiling point is reached. 
This will cleanse them of hardened grease and in- 
jurious foreign matter. Having been thoroughly 
cleaned and dried, they should be well packed 
with clean cup grease and remounted after the in- 
side of the wheel hub and the spindle have been 
cleaned with gasoline or kerosene applied with a 
stiff brush. 



STEERING GEAR 
Explanation 

The principal parts of the steering gear are 
the steering screw, a right and left handed half- 
nut, a rocker shaft, a ball thrust bearing, an 
adjustable screw and a case or housing. The 
steering screw has a right and left handed 
thread which cross each other at each half turn, 
and of the proper shape to mate with the' 
"Buttress" form of thread in the half-nuts. 
Turning the hand wheel rotates tfeg tube in the. 
,cp trie screw is keyed, and as the screw rotates it causes the haPnuts to slide in 
^"cpons. p lower ends of these nuts rest on rollers and operate a rocker-shaft to 
. te- sd tu:. v r;an arm arid reach rod connecting it to the knuckle arm on the front axle. 
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Uniformity of action is obtained by a true parallelogram of forces acting within the gear. 
The forward thrust of the nuts is taken up by the two hardened rollers located equidistant from 
and in the same plane as the axis of the rocker-shaft. These roll on the flat face of" a hardened 
thrust block attached to the end of each half -nut, which face lies in a plane perpendicular to the 
axis of the screw. The power of the gear to deliver energy to the link which connects it to the road 
wheels is practically equal throughout its travel, as the triangle formed by the line of screw thrust 
and the plane cutting through the axis of the shaft and rollers is balanced by that formed by the 
Pitman arm and its link. 

Adjustment 

After prolonged service, an excessive amount of play or lost motion may develop in the 
steering gear due to wear on the threads of the half -nuts. 'However, before readjustment is made 
of the gear it should be known that the lost motion is not at some other point in the steering 
mechanism, such as might develop at the reach rod ball sockets, steering knuckle bolts, etc. Lost 
motion in the gear proper can be reduced by loosening the clamp at top of the gear housing 
and turning the nut, Figure No. 37, to the right until the remaining amount of play in the wheel 
is satisfactory. The clamp should then be retigtitened. "<-*», 

Care of Body > -=■ . 

If the owner takes pride in the appearance of" his car and wishes to-maintain*the original 
lustre of the body finish as long as possible, he should remove mud or grease as soon as possible, 
and in so doing should use clear water only, excepting that in cases where it is necessary to rerpgye 
grease, pure castile soap may be used. Ordinarily, it should not be necessary ^o use^sqap ,in 
cleaning and special attention is called to the fact that alkali soap or gasoline is- ruinous to the 
body finish. 

When water from a hose is used, the nozzle should be removed and the water flowed gently 
upon the body. A piece of cloth should not be used, and it should be remembered when using 
a sponge that every particle of grit or sand which clings to it will scratch the varnish. 

Extremely warm or cold water is harmful, especially if used where there is any great difference, 
between its temperature and that of the atmosphere. It is recommended that the car be washed 
in a warm garage during winter months, and that the water have a temperature of about 60 to 
70 degrees Fahrenheit. The body should be wiped dry 'with a clean chamois skin. Otherwise, 
the varnish will appear cloudy and streaked. In using a chaTnois skin, care should also betaken 
to prevent scratching. 

The chassis and wheels may be washed with, warm water and castile or ivory soap applied 
with a soft sponge. They may then be thoroughly dried with a chamois skin. ';• 

Care of Top 

When the top is cleaned, dust should be removed with a dry bclish and it should then be 
washed with warm water and castile soap. Rinse with clear warm water and dry with a- soft 
cloth. The underside of the top should be cleaned with a stiff brush and grease spots can be 
removed with soap and water. Do not use gasoline or naptha as they are injurious to the fabric. 

The top should never be folded when it is wet or moist, and when folding, care should be 
taken to prevent "pinching" or "bunching." 

Tire Hints 

Keep tires fully inflated. 

Turn corners slowly. 

Use plenty of soapstone inside of casings. 

Have casings vulcanized as soon as possible after a blow-out, or when cut. 
--*. ■ * Keep extra tires in a cool, dark and dry place. 
_'.'■■: If car is stored, jack up all four wheels and deflate tires one half. 
Hj-c . Keep tires free from oil and grease. 

Watch ahead for sharp objects when driving, especially during rainy \~ ~ thei i 

Headlamp - adjustment s v „^^*\ M 

n J,-rt„, X -^'^"- j N ^*** { - 
The position of the headlamps can be regulated to any positk ' ■**\^" : '~ - „<* -3^. ' 5 -h- 
anchor bolts which pass through the brackets. J _w. * " ».* ' 
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LUBRICATION 

Explanation 

Too much attention cannot be given to the subject of intelligent lubrication, as the life of an 
automotive vehicle depends to the greatest extent upon the quantity and quality of lubricants 
used. 'Extensive and costly repairs, carf be avoided by conscientious attention to this most 
importantifeature. Attention is catted to the care a railway locomotive receives from its crew and 
from those others whose duty it is to keep that masive machinery in a proper state of repair. You 
are assured that if given only a part of the same care, a Paige car will return unlimited service 
and satisfaction. 

Motor . F A ';_. ...K,v 

Special attention should be, given to the selection of cylinder oil for use in the motor. Oil 
produced by reputable manufacturers and of t%:froper grade only should be used. Care should 
be taken to see that it is free frora-acid, grit anal-other ingredients, which would be harmful to 
the finely polished and closely fitting bearing surfaces throughout the motor. 

At intervals of about 500 miles durin^fcfefefirst 2000 miles of travel the drain plug underneath 
the reservoir should be unscrewed, the old oil drained and fresh oil supplied. After that time this 
will be necessary at 1000 mile intervals only. -Once or twice during a season the oil reservoir 
should be removed and thoroughly cleaned with gasoline to remove any sediment or foreign 
matter which may have entered with the oil. ) 

Since the inception of the automotive industry and until the last few years most recommen- 
dation charts have been based on the principle of different motor oils for summer and winter 
use. However, with the advent of the low grades of gasoline now in use, it has been necessary 
to combat the effect of condensation in the combustion chambers upon the lubricating oil in the 
crankcase, and in addition to draining .the old oil and replacing it with new every 500 miles 
during cold weather, it is recommended ffrat a medium grade of oil be used for the first 10,000 
miles during the summer and winter months; rial reason being that the leakage of gasoline past 
the piston rings and into the crankcase Has' a greater effect upon the diluting or thinning of the 
oil in cold weather than in warm, due -to the fact, that the engine temperature being lower in the 
winter less of the gasoline' in the crankcase will" be thrown off or evaporated, and hence a greater 
amount of this gasoline will be absorbed'by the motor oil, making the used oil even thinner in 
winter than in summer during the same periofi »f. operation. 

If a thinner oil is placed in the IffoTbr in cold weather to facilitate starting this oil will 
become too thin under operating temperaturfTand conditions to properly lubricate the motor 
parts, The lubricating oil will also be to© thin to produce the proper seal on the piston rings 
thereby further increasing the gasoline leakage and resulting in increased gasoline consumption 
per mile as well as decreased lubricating efficiency of the motor. 

After the first 10,000 miles a heavy gradt of oil should be used in both warm and cold 
weather, as the lighter grade of oil will not properly seal the piston rings after they have become 
worn by that amount of service. When the motor is thoroughly overhauled (cylinders rebored, 
oversize pistons and rings fitted) so that;, it is placed in the condition of a new motor, the grade 
of oil recommended for use during the first 10,000 miles should again be used. 

Water Pump > " N? ^^ 

\ large compression grease cup has been provided for lubrication of the drive shaft bushings 
^t water pump. It should be filled with cup grease about every 500 miles of travel and given 
'Xlpte turn each day. ... ' :. A ..-.,,... 



^-j3*: . ,. J i CL iOIj 



whicV is V "dV-k ■ ;12 in the hub of the fan should be removed about every 500 miles 
V "' J >W' ylinder oil such as 600-W. 
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Unisparker 

The unisparker shaft receives sufficient lubrication from the crank case in which the drive, 
shaft is mounted. A small amount of vaseline should be applied to the cam in the breaker 
mechanism every few weeks. Care must be taken to prevent this lubricant from reaching the 
contact points. The contact maker base should be clean at all times. .■* 

Generator 

Small oilers are provided at each end of the generator over the armature bearings. A few 
drops of medium cylinder oil should be entered into those cups about every 500 miles. 

Starting Motor * , , 

Oilers will be found at each end of the starting motor which should also receive a few drops 
of cylinder oil every 500 miles. ' ,, «./" f 

Clutch 

It is to be remembered that the clutch is of the dry plate type and that instead of requiring 
lubrication the opposite is true, as oil or grease on the discs will cause the clutch to slip. The thrust 
bearing for the retractor collar, the sleeve on which it is mounted and the thrust bearing for clutch 
throwout receive lubrication from the transmission through a passage at center of the main 
drive gear shaft and will therefore require no attention. 

Oilers are provided at each side of the transmission case bell housing for lubrication of the 
clutch throwout shaft bearings. They should be filled about every 500 miles. At the same time 
a few drops of oil should'be inserted between the clutch and brake pedals at the outer end of the 
shaft. 

Transmission 

To replenish the oil in the transmission case — which will be necessary about every 2000 miles 
— the filler plug in the cover must be removed and the case filled to a level which covers the 
smallest gear on the countershaft. -A pipe plug in the right side of the case should be removed 
and the ort only allowed to reach the level established by that hole. The revolution of the gears 
will churn the oil in a manner to lubricate al l s>i:rts of the transmission and to supply oil to the thrust 
bearings on the clutch sleeve through the passage at center of the main drive gear shaft. It 
is recommended that a good grade of steam cylinder oil, such as 600-W, be used, free from acid 
and grit. 

About once every three months or approximately every 4000 miles the case should be drained 
through the hole provided at bottom and flushed with kerosene. During cold weather it is 
advisable to add an equal amount of light cylinder oil to the heavy transmission oil in use during 
warm weather. This will facilitate shifting of the gears which might otherwise stick as a result 
of the tendency of a heavy oil to congeal in cold weather. 

. '■ - _„^- -■ - """- 

Universal Joints 

Fibre grease should be forced into the universal joints at each end of the propeller shaft 
v;; jut every 500 miles through the holes provided in the casings. The slotted plugs must be re- 
. id and the grease injected with a grease gun. The casings should not be entirely filled. About 
. ^ rl is sufficient. ' 

. , - ve : i- ;,-;"■ 

"£: *~ L;b'ii once y three months or approximately every 4000 miles the drain plug at bottom 

Oj_.pt " . S&& r£- \. *''ifj|| should be removed, the old oil drained and the case flushed with 

whien ii zntf:'-" - *t^ yhole in the cover. The housing should then be refilled with a good 

" v '0C , * )il The oil level is established by the filling hole in the cover. 
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The oil level in the axle should be verified about every 2000 miles. At that time the pipe 
plug at top of the pinion shaft housing should be removed and a small quantity of oil supplied at 
that point for lubrication of the bearings on the shaft. 

Front Axle 

The oil cups at the upper and lower ends of the steering knuckle pins, and at top of the yoke 



pins 
oil. 



at each end of the steering knuckle tie rod should be filled about every 100 miles with cylinder 



Steering Gear 

When the steering gear leaves the factory it is filled with a heavy graphite grease. This* ,< 
grease is forced through the entire length of the telescoping tubes under heavy pressure and it is 
expected that the supply will be sufficient for an indefinite period. This grease may require 
thinning however the frequency being governed by the temperature. In any event it would be 
advisable to insert a small quantity of 600 W; Steam Cylinder oil through the hole in the gear 
housing about every 2000 miles. The ball oiler at the hub of the steering wheel should also receive 
a few drops of oil about every 500 miles. 

The bearings for the yoke or cradle shaft., to which the arm is attached, are self lubricated 
and will require no attention. The ball sockets at each end of the reach rod are provided with 
grease cups which should be filled about every 500 miles and given a complete turn each day. 

Springs -?2 , -, 

All spring shackle bolts are equipped with dust proof oilers which should be filled about every 
1 00 miles with cylinder oil. 

Wheel Bearings 

The front wheel hub caps should be packed with soft grease about every 1000 miles. At 
the same time the slotted plugs in rear wheel driving flanges should be unscrewed and grease in- 
jected into the double row ball bearings within the^ubs. It will be necessary to use a grease-gun 
for this purpose. -; w ^"** a ^ ,, 7, \ *?C" 
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Common Difficulties 



. MOTOR FAILS TO START 

Gasoline supply exhausted. 

Tube from tank to vacuum tank stopped up. 

Dirt or sediment in vacuum system. 

Water or dirt in gasoline. 

Carburetor flooded. 

Carburetor improperly adjusted. 

Short circuit in switch. __^ _^ 5 

Disconnected wire terminal. 

Battery exhausted. 

Starter switch not making contact. 

Short circuit in wiring system. 

Improper contact at wire terminals. 

Oil or grease on unisparker contact points. 

Spark plug points improperly spaced. 

Motor cold. 

MOTOR MISSES 

Unisparker points dirty or improperly adjusted 

Ignition cables broken. 

Loose cable terminals. 

Cable insulation worn causing short circuit. 

Spark plugs dirty or broken. 

Spark plug points improperly spaced. 

Gasoline mixture too rich or lean. 

Water or dirt in gasoline. 
Carburetor improperly adjusted. 
Valve tappets improperly adjusted. 
Motor badly carbonized. 
Loss of compression. 
Motor cold. 



V 



BACK FIRING 

Gasoline mixture too lean. 
Water in gasoline. 
Inlet valves not seating. 
Improper spark timing. 
Motor carbonized. 
Motor missing. 

OVERHEATING 

Lack of water. 
Lack of lubrication. 
Spark not sufficiently advanced. 
Gasoline mixture too rich. 
Loose fan belt. 
Dragging brakes. 
Slipping Clutch 

Use of anti-freeze in warm weather. 
Cylinders carbonized. 
i Accumulation of scale or rust in cooling system. 
Partial stoppage of passages due to- disinte- 
grating hose connections. 

KNOCKING 

Spark too far advanced. 
Loose bearings. 
Badly overheated. 
Cylinders carbonized. 
Spark improperly timed. 



SLIPPING CLUTCH 



Pedal striking floor board. 
Oil on discs. 

x Wtch improperly adjusted. 
: ~' ';s worn out. 



TRANSMISSION GEARS CLASH 

Motor running too fast. 
Clutch does not fully release. 
Oil congealed in transmission. 



CLUTCH DRAGGING 



v ^- 11 v- ase. 
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BRAKES DRAG OR SLIP 

Oil on linings. 

Pedal throw improperly adjusted. 
Brake bands improperly adjusted. 
Linings worn out. 
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Suggestions 

for g „«r a "° W y ° UrSelf M ^ S ° b " S " th " "™-~ r '"»«« fleeted, „ ,-efflling of radiator 
or repair" "'"' " """** "*"***■ '"!«««« »""«««* ™d make neeessarv adjustment 

»d&?db "^eat^;;^^:^^^'- a **■ R — - > 

:; ' Know that the storage battery is properly filled with distilled water at all times. 

your ownl^d Z^Zt^ouT^ ^ * ^T^ ^^ md * *° u ^ ^ ™*^ 
n ana the sal ety of your car, you must consider the lives and property of others. 

accelS^tfrdfotd^^ 2^ "° ** ***&* '* ^^ —is 
alent to the road speed o the ca a tit T"' ^ T ? T" * "^ at 3 S P eed e ^ uiv - 
is engaged. " ^ Stram W1 " be placed on the.mechanism when the clutch 

the Jant ^^otw^ X^ft "T* *! i° «*"* ** *"* ^ ^ ^ ^ on 

your arm may 0X0^ ' ** haVe P racticed ** ™W injury, but at sometime 

^^MMLTlt^nT °^g^ h *« >-ing car standing; and 
It is a very dangerous practice to inspect any parfeof the car with a lighted match. ■ ^ 

is f^XS^aS^t^ T g " ^K lth ° Ugh Wmd0WS ^ be ^ « 
open. adjustment of the carburetor is being made, to rumthe car into the 

InSr^^^ gaS - 4~* * £ *»** of ga^ engines. I 

ennchmglt increases the amlnt o " K n **?$W«Mf d *> the engines, in other words, 

g , increases the amount of carbon monoxide given off at the exhaust pipe. 

Ithe^nStnlr "** ^ S ^^ of c -bon monoxide in a | 

^ maTS^/thoLt til 5 "TtT *"* ^ ^ f raCtion ° f °" e ^ ^ ^ 
rtK^mfi; * ltnout warning. It is reported that no indication of danger is a'iven hv n i 



